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ABSTRACT 


The social organization and behaviour of a free-living 
high arctic population of muskoxen (Ovibos moschatus) was 
studied during summer and winter. The study population size 
was lowest in early summer and rose to about 100 in early 
winter. Limited resightings of tagged muskoxen suggest fre- 
quent movements between the study area and other grazing areas 
on the island. Few solitary bulls and no calves or yearlings 
were observed between May 1968 and May 1970. Sex ratios in 


herds approximated equality and few single-sex herds were seen. 


The activity cycle for muskoxen consisted of alternat- 
ing periods of feeding and resting-rumination of about 150. 
minutes duration. Activity within most herds was synchronized 
but large winter aggregations did not show this same synchrony. 
Some animals remained together as a single herd or part of 
several different herds for up to three months. Other herds 
were less stable with much mixing, joining and splitting of 
herds occurring. During most daily feeding movements leader- 
ship was not evident but certain individuals did influence 


other herd movements. 


Grooming and drinking were infrequent. Feeding be- 
haviour in winter was variable, depending on snow conditions, 
but usually consisted of removing snow cover by pawing. In 
winter herds grazed in broad valleys rather than on wind-swept 
hillsides. No evidence of grouping during winter storms was 
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A linear dominance hierarchy was present among the 
bulls of herds studied intensively. Displacements from winter 
feeding craters and the initiation and outcome of butting and 
charging interactions were closely related to the dominance 
position of the individuals. Broadside displays and gland- 
rubbing displays were usually performed by dominant bulls. 

The dominant bull acted as herd leader in situations of dis- 
turbance and during some herd movements. Joining of two herds 
occurred with no overt interactions, after dominance or threat 
displays by a dominant bull or after a clashing fight between 
two dominant bulls. Behaviour patterns seen during between- 
herd interactions also occurred in interactions with caribou, 
humans and attacking wolves. Behaviour patterns apparently 
unique to the muskox are the rubbing of the preorbital gland 
against the foreleg and the pressing together InctoOpa Hel or 


rough circle as a defence against predators. 


During the expected rutting season, no copulations were 
seen. Muskox bulls performed sniffing, lip-curling and fore- 
leg kicking and only rarely, mounting behaviours. Many court-— 
ship behaviours were performed by dominant bulls. Cows did 
not appear receptive. The sex ratio in herds remained the 
same and no harem-formation or tending-bond behaviour was ob- 
served. An increase in completeness of courtship behaviour 
and the presence of calves in 1971 indicate a return to a 


breeding condition in the population. 
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INTRODUCTION 


The range of the muskox (Ovibos moschatus) is remote 
and, until recently, seldom visited by biologists. Conse- 
quently, the muskox is one of North America's least known 
ungulates. Information on the behaviour and ecology of 
the species is minimal and its taxonomic relationship to 


other ungulates is poorly understood. 


Several recent developments in Canada's north have 
made the need for greater biological knowledge more pressing. 
The initial success of domestication projects in several 
circumpolar areas (Wilkinson, 1971), the possibility of 
sports hunting of muskoxen (Lent, 1971), and the intense 
activity connected with exploration and exploitation of 
the non-renewable resources over the range of muskoxen, all 
require new and detailed information on all aspects of 


muskox biology. 


In an attempt to expand our knowledge of the 
biology of this species, this study of the behaviour of 
the white-faced muskoxen (O. m. wardi Lydekker) was ini- 
tiated by the National Museum of Natural Sciences in the 
summer of 1968 and continued in conjunction with the 


Canadian Wildlife Service and the University of Alberta. 
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There is a great deal of popular and semi-scientific 
literature dealing with the natural history of muskoxen. 
The early explorers of Canada's arctic regions were well 
aware of some aspects of muskox behaviour since they often 
depended on these animals for food. An extensive review 
of muskox biology, based on these early accounts, was com- 
piled by Hone in 1934. menenan much useful and interesting 
information was recorded by these early writers, many obser- 
vations are inaccurate and result in a general distrust of 


much anecdotal information. 


The first long term studies of muskox biology were 
carried on in Greenland by Pedersen (1958, 1962) and Vibe 
(1958, 1967). In Canada most investigations were limited 
to short reports on numbers, feeding habits, etc. (eg., 
Bruggemann, 1953, 1954; MacDonald, 1954). The Canadian 
Wildlife Service, in 1951, initiated a long term muskox 
research project under J. S. Tener, which concentrated on 
ecology and taxonomy (Tener, L958 01960)G1965)qkeHis Coe 
Worker described the history, ecology and distribution of 


the muskox (Harington, 1961). 


Both authors dealt with natural history and be- 
haviour and reviewed the existing literature. However, it 
is sometimes difficult to determine which information was 


based on their own observations and which was accepted as 
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general "knowledge" of muskox biology. 


From the end of Tener's research program in 1961 to 
the initiation of the present study, little research was 
conducted on wild muskoxen. Freeman (1970, 1971) compiled 
information on the productivity of certain Canadian muskox 
populations and a long term study of the PLOGUGCEIVATy OF 
muskoxen on Devon Island, N.W.T., is underway at present 


(Hubert, 1972). 


Animals held in captivity in Alaska for domestication 
projects have provided some additional information on muskox 
behaviour (Teal, 1959; Wilkinson, 1971). Lent (1970) inves- 
tigated some aspects of maternal behaviour in these Alaskan 
muskoxen. Herds transplanted to Nunivak tee in Alaska 
have been studied intensively in recent years (Bos, 1967; 


Spencer and Lensink, 1970; Lent and Knutson, 17 


The study I undertook is the first long term inves- 
tigation of a localized population of wild muskoxen. The 
22 months of field work have extended over a four-year period 


and have covered all months of the year. 


The original and primary purpose of this study was to 
record and describe the total behavioural "repertoire" of 
the muskox. Initially, emphasis was to be placed on social 


behaviour, especially maternal and rutting behaviour. As it 
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became evident that Maternal behaviour was totally absent in 
the study population and that rutting behaviour was observed 
far less frequently than expected, a broader approach was 
taken in an attempt to understand and explain the observed 
Situation and to establish a necessary baseline for further 
studies. The secondary aim of this study thus became to 
clarify the relationships between behaviour, social organi- 


zation and the environment. 


It was also hoped that this study would provide further 
information on the taxonomic relationships between muskoxen 
and related ungulates through comparison of behaviour pat- 


terns. 
DESCRIPTION OF THE SPECIES 


ener (1965) sreviewed what is knownsofsthe general 
morphology of the muskox. Some features which are particu- 
larly important in view. of their relation to certain be- 
havioural patterns discussed later are briefly described 


here. 


Sexual dimorphism of adults is expressed in relative 
body size and, more obviously, in horn size, shape, and 
development. Horns of the adult female are slender and 
separated at the middle of the forehead by a patch of whitish 
wool which is usually long enough to hide the horn bases en- 


tirely. Horns of adult males are massive in comparison -- 
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thicker and more outward curving and meeting at the midline 
(Figure 1). Only during the height of shedding does any 
wool cover part of the horn bases. Allen (1913) gives the 
average weight of 23 adult female skulls from Greenland as 

7 lb (3.2 kg) and the average weight of 29 adult male skulls 
EBOUmticucanesabearlaseloulo (8.2 kg), Theshorns,of older 
males are darker and have more cracks than those of younger 


males. 


Both sexes have a mane of hair and wool extending from 
the neck just below the lowest curve of the horn up to the 


top of the shoulder hump. 


The colour of the pelage is generally very dark brown 
to black with the exception of a saddle-shaped area on the 
back behind the shoulder hump, the area around the muzzle, 
the area between the horns of females and subadult males, 
and the lower part of the legs (Figure 1). These areas are 


all creamy-white in colour. 


According to Pocock (1910), muskoxen do not have 
pedal glands. Pedersen (1958), however, states that an 
interdigital organ is found in both sexes on all four ex- 
tremities. Sack and Ballantyne (1965) did not report on 
this aspect of structure in their anatomical examination 


of a muskox calf. 


Preorbital glands are present in both sexes. The 
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Figure 1. Adult bull (left) and adult cow muskox 





| 
pear-shaped gland is surrounded by a capsule of connective 
tissue and lies on the flat lacrymal bone just in front of 
the orbit (Figure 2a). One gland from an adult male mea- 
sured 4.5 x 4 x 2 cm. with the cutaneous hair-filled tube 
(described by Sack and Ballantyne, 1965) extending the 
length of the gland (Figure 2b). My own preliminary histo- 
logical examination indicated that the gland is of the 
sudoriferous apocrine type with extensive sebaceous glands 


associated with the hair follicles. 
DESCRIPTION OF THE STUDY AREA 


Bathurst Island is located in the Parry Island group 
of the Canadian Arctic Archipelago (Figure 3). The Bathurst 
Island complex covers about 18,000 km, most of which is 
under 300 m (1,000 ft) in elevation. The irregular coast 
features several long inlets, two of which, Bracebridge and 
Goodsir, almost bisect the island. The broad valley lying 
between these two inlets is known as Polar Bear Pass and this 


was the area in which this study was undertaken (Figure 4). 


The/ hills to the north of this,ivalley care, long, 
regular, east-west folds of Ordovician to Devonian lime- 
stones and shales (Blake, 1964) and are generally under 
180 m (600 ft) .in height. To the northeast, the limestone 
hills rise to an elevation of 240 m (800 ft) within 8 km 


of the valley proper. Several streams and rivers flow south 
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Figure 2 


Location and structure of muskox preorbital 
glands. A - Head of adult female showing 
position of intact gland. B - Adult male 
preorbital gland. 
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Figure 3 Bathurst Island, N.W.T., showing known muskox 


grazing areas on the southern portion of the 
island. 
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through these rolling hills, then east into Goodsir or west 
into Bracebridge Inlet. The largest river is the Goodsir 
which flows south across the valley, divides into several 
braided channels, is joined by several smaller streams, 


then swings north and east and into Goodsir Inlet. 


To the south the hills are lower, less obviously 
east-west oriented and rise much more gradually from the 
valley floor. The major river to the south is the 
Caledonian which flows north, then west into Bracebridge 


Inlet. 


The valley of Polar Bear Pass is 40 km long and about 
Paki wide. Approximately, 75 km? of the valley is under 30 m 
(100 ft) elevation. Two large lakes, several smaller lakes, 
and many marshy ponds occupy much of the yal leymtlLoene(Eagure 


4). 


This marshy, wet tundra area is of great importance 
to muskoxen. Due to the permafrost below a shallow active 
layer, water does not drain off quickly and is available to 
many plant species. Around the ponds and lakes, several 
species of grasses and sedges (eg. Carex stans, Eriophorum 
scheuchzeri) form a lush growth seen only in a few other re- 
stricted areas on the island. In many parts of the study 
area, this wet meadow is modified by the presence Oie Trost 


mounds, low and high centered polygons and the dendritic 
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patterned ground of the peat hillocks which develop along 
certain stream beds. The bases of these landforms are wet 
and covered with grasses and sedges, on the giles appear 
such flowering plants as the mountain sorrel (Oxyria digyna) 
and arctic poppy (Papaver radicatum), and on the drier tops 


appears several species of lichens. 


At ansilightlyahdgher levellsearme .«,sionnthel baiver tter-— 
races, raised beaches or strandlines, the vegetation is 
characterized by an almost continuous mat of lichens, inter- 
spersed with mosses, sedges, grasses, various species of 
saxifrage, mountain avens (Dryas integrifolia) and arctic 


willow -(Salixsarctica).. 


Higher up the hill-slopes the permafrost level is 
lower and drainage is good. The vegetation becomes sparser 
and the plants grow in more and more widely separated 
clusters or tussocks. On the tops of the hills and ridges 
only widely scattered plants of mountain avens, purple 


saxifrage (Saxifraga oppositifolia) and arctic poppy occur 


together with the omnipresent lichens. 


Large areas at higher elevations (i.e., over 180 m) 
and smaller areas on most hill-tops are virtually devoid of 
vascular vegetation. These areas are, in fact, anctat: de= 
serts. Fellfields, limestone felsenmeer, rock circles, 


patterned ground and solifluction slopes all occur on the 
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13 
surrounding hills (terminology follows Bird, 1967). Frost- 
thrust plates line certain ridge tops, a very few glacial 
erratics and several tors occur on others. Apart from these 
latter forms, the study area is generally flat or rolling 


with little relief and few obstructions to vision. 


The major herbivorous species sharing the Polar Bear 
Pass area with the muskoxen are Peary caribou (Rangifer 
tarandus pearyi), arctic hare (Lepus arcticus monstrabilis) 
and varying lemming (Dicrostonyx groenlandicus). As the name 
suggests, polar bears (Ursus maritimus) travel through the 
valley relatively frequently in summer. Bears have, on 
occasion, eaten from muskox carcasses and arctic foxes 
(Alopex lagopus innuitus) regularly feed on such remains. 
Of the forty or so species of birds that reach the study 
area in summer, at least three -- Glaucous and Thayer's 
gulls (Larus hyperboreus and L. thayeri), and the long- 
tailed jaeger (Stercorarius longicaudus) -- also scavenge 
food from winter- and wolf-killed muskoxen. Snowbuntings 
(Plectrophenax nivalis) feed on insects around carcasses and 
they and Lapland longspurs (Calcarius lapponicus) build nests 
with muskox wool. Arctic wolves (Canis lupus arctos), the 
only present day predators of the muskoxen of this area, 
travel along the valley in small packs or ineeatrs at. near 


regular intervals. 
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14 
Research Station is located mid-way between Bracebridge and 
Goodsir Inlets on the north side of the valley. The station 
sits on a 60 m (200 £t) ridge overlooking both the main val- 


ley and the upper Goodsir River valley. 


The climate of the Arctic Islands, including 
Bathurst, is, for most of the year, a continental type 
climate, somewhat modified by the relatively warm water be- 


neath the winter ice (Thompson, 1967). 


The following description of the climate on a year- 
round basis is based on our own observations (See Table 1) 
and Thompson's (1967) description of the arctic climate in 
which he divides the year into four periods, only roughly 
corresponding to the familiar four seasons of southern 


Canada. 
May-June ("Spring") 


In May, after the advent of 24 hours of sunlight, 
temperatures climb steadily to above the freezing point. 
Increased cloudiness and snowfall are normal, though in 
some years, clear skies in May are frequent. Temperatures 
in June are generally above freezing and the snow melts 
quickly. Low clouds and fog are common as southern air 


passes northward over the extensive ice surfaces. 
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Table 1. Summary of weather data recorded at the NMNS 
Research Station, Bathurst Island from April 
1970 to April 1971 
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Month Temperature Mean Mean Total No. of days 

Extremes Temp. Wind ppt. visibility 
(F) (F) speed less than 
Max. Min. (mph ) (in) 2 miles* 

ee ee ee ee 

Apr e272 0% 77> 10 =—32 -13.2 8 = 0 

May 70 48 -17 12.4 10 0.01 3 

June 70 52 14 Bao ia} 0.06 6 

July 70 61 B2 42.5 da OR 23 3 

Aug. 70 54 19 B70 8 Ones 2 

Sept. 70 33 1 2o5-L 8 OG 8 

Oct. 770 30 =19 ALAA 9 0226 ips} 

Nov. 70 26 -45 -16.8 i2 0.10 16 

Dec. 70 =) -47 -29.2 10 Q509 19 

wan. 9/1 0 -52 -33.3 16 Ea, Val 

Feb. 71 -10 -46 =31 9 10 0.05 9 

Mar. 71 2 -40 -21.8 9 0.04 5 

Apr. 71 25 -42 Soi Lil: 0505 10 

fe ee ee eee 

* for at least * day 


= 14 days only 
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July-August ("Summer") 


July and August are the wettest months Ofethe swear 
with the combined monthly totals of precipitation Sais ee 
at least 1 inch (2.5 cm). Temperatures average 40 F (4.4 C) 
and again, fog and low clouds are common. In early July, 
the rivers break up and water floods out over many low-lying 
areas. By August of most years, only a few snowbanks remain 
in sheltered areas and by the end of the month, the sun is 


again dipping below the horizon. 
September-November ("Fall, early winter") 


By early September, daily temperatures are below 32 F 
(0 C) and by mid-October, temperatures below 0 F (-17.8 C) 
are common. Storms are most frequent in this period with 
much of the year's snowfall coming at this time. Cold, clear 
weather follows the freeze-up of open water in November. 
The last sunrise-sunset of the year occurs in the first week 


of November. 
December-April ("Winter") 


Despite the absence of direct sunlight from early 
November to early February, the high arctic is not a region 
of "24 hours of darkness." The mid-day twilight, even on 
21 December, provides enough light at this latitude for the 


usual outdoor activities. On clear days, the starlight re- 
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17 
flected from the snow-covered landscape is sufficient for 
travelling on foot. For about one week on either side of 
the full moon, landforms up to 5 km distant can be seen 
easily. The daily temperatures for December, January and 
February averaged about -30 F (-34.4 C). Although these 
months are usually clear as well as cold, December 1970 was 
stormy and the combination of low light and high frequencies 
of snow and blowing snow resulted in poor to zero visibility 
for almost two-thirds of the month. The minimum temperature 
reached at Bathurst during this study was -52 F (-46.7 C), 
recorded on 27 January, 1971, following five days of tem-— 
peratures below -45 F (-42.8 C). Ice fog is common during 
very cold weather because of open leads in the pack acer ore 


the island coasts. 


Although direct sunlight returns to this area in 
early February, its effect on daily temperatures is not 
felt until April. Following five months of below-zero 
temperatures (F) in the winter of 1970-71, the temperature 
rose to 13 F (-10.6 C) on 17 April. By the end of April, 


the sun is again above the horizon for the full 24 hour day. 


Meteorological data recorded during 1970-71 have 
been compared with those recorded at Resolute Bay on Corn- 
wallis Island (140 km southeast) during the same time period 


(Thompson, 1971). She found that, in general, the two sta- 
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18 
tions experience similar climatic conditions with Bathurst 
Island having slightly colder winters and warmer summers 


than Resolute. 


Variations in the timing of the spring melt and in 
the break-up of river and lake ice were noticed during the 
four years of the study. Although no quantitative studies 
of the vegetation in the study area have been conducted, 
there was a noticeable increase in size and number of flower 
heads of several species, especially Eriophorum, from 1968 
to 1970. A trend towards longer "Summers" was evident between 
1968 and 1970. Meteorological records for Resolute Bay indi- 
cate this same trend and also show a succession of relatively 
short summers (i.e., number of calendar days with ground free 
of snow) in the 4 years preceding the initiation of this 


study (Figure 5). 
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METHODS 


The total time spent in the field during this study 
was 22 months, covering the following time periods: 20 May 
PomlanAugust= 1960 6 comADEL oo tou27 August 1969, 12 April to 
Segunerlo70," ae August 1970 co 1 Jone 1971 and 2s August 


to 727 October 1971. 


Living quarters for the duration of the study were 
two 16x16 ft. Parcoll huts at the N.M.N.S. Research Station. 
For the winter study, the station consisted of these huts 


and one 16x8 ft. fiberglass storage "igloo." 


Throughout the study I made daily counts of the 
muskoxen in the study area from the vicinity of the camp 
using 15x60 and 25x60 Bushnell "spacemaster" spotting 
scopes. The approximate area surveyed during these counts 
was 140 km, The extent of the study area was in part 
determined by the area of the valley visible from the camp 
ridge. During June and July 1970 and 1971 the muskox 
counts were continued in my absence by Philip S. Taylor, 
These observations are incomplete because of his own re- 


search commitments which prevented daily counts. 


In winter, we travelled from the camp to herds under 


20 

















SGOHTaM 


ubuse 2ind prixub blest eft ai tneqe omit Bsdo3 eat 
y8sM OS :eboiteq emis, paiwoffoi 913 pitxevoo , 2Ataont ss Baw 
of LizgA SL ,eeef teppuA {S' o¢ LixgaA @s , Beer Jaupue MM oF 
jeupyA 8S bas IV@L snvt If os OTel tsupeA Bt Oven ee 
.L8@L ssdefoo VS oF 

sisw ybute ont 36 noivsigb- of2 tot Bistisup aqkva) 
toitsse doxgo208 .2.4.M.u edt +6 efun Dhooxed .22 alxet ows 
etud ssent to beteianoo aéiseta sad , ybuse as3nr¥ ont zo%. 


‘ oolfpi" ovstdte eeslpredt? 33 @xel seme 


edt to esauos ylish ebsm I ybudte sdz Fuontpgornty 
qmiso oft to ytintoiv 243 mort sets ybusa ens ft asxoweum 
piitioge® "xas2 aniiaaeea” [isadeva OdxésS Sas oaxet patew 
etavoo saedt pnixuh beysviue seis stamixoiggs ont .aeqooe 
$t6qg ni ahW SSE ybuse sdt fo Jnadxe ont Sat ons eBw 
gms sft mort sidisiv yeligy ott 20 5826 > af va ealtittedet 
, xodaum sii IT@L bas ones yiut bis onue mas se 
yrolyer 2 tae aa sx 











2a 


observation by snowmobile or cross-country skis, the latter 
being much more reliable and efficient during the three 
coldest months. In summer we followed herds on foot. Ona 
few days muskoxen could be observed directly from camp; at 
other times, I had to walk distances of up to 16 km before 


beginning observations. 


The area visible from camp decreased in the late fall 
as the amount of daily light decreased. Between 26 November 
1970 and 15 January 1971, the radius of visibility, using 
the spotting scope, was always less than 9 km and often 
close to zero. Mobility of the observers also decreased in 
mid-winter due to minor medical problems and constant 


mechanical difficulties. 


Several aerial surveys were conducted during the 
study in order to determine the distribution of muskoxen on 
the island (Figure 3). Results of these surveys have been 


reported elsewhere (Gray 1970, 1971). 


Observation Techniques 


During summer we were able to maintain observation 
periods for up to 12 hours with little difficulty. In the 
early phases of the study I recorded behaviour and activity 
at all times of the 24 hour day. Later observations were 


generally restricted to between 0800 and 0100 C.D.T. 
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Whenever possible, I age observations from downwind 
and from at least partial concealment. Because of the 
nature of the landscape, Ge latter was not often possible. 
When there was no concealing cover, a distance of about 270 
m waS maintained from the herd. Observations were made at 
distances ranging from 9 m (infrequently) to 9.5 km. Ex- 
cept during the peak of the shedding season, sexes could be 
distinguished effectively at a distance of 5 “kine tunder 
optimum weather conditions) . Blinds were not used because 


of the virtually constant movements of the herds. 


While observing muskoxen in winter, we made full 
use of the snow and natural landforms as shelter. THES , 20 
combination with the usual techniques of keeping extremities 
moving and alternating note taking with intervals of intense 
activity, allowed us to maintain observations over several 
hours, even during extreme cold. When observing from an 
exposed position, we wore white camouflage suits over parka 


and pants. 


I recorded all observations in notebooks except 
when the action of the animals required a faster recording 
method. A portable Sony cassette tape-recorder was used in 
these circumstances, and to record activities of special 


significance in more detail. 


I used a Pentax Spotmatic 35 mm camera with a 200 mm 


ss 


boiwnwob mort enoijsvisede eben 2 ,sidieeog tavesenW” ae: 
eid io seusosd .taemigepnts Isiteaq dade 36) move Bae” 


.sldieaoqg mestto ton 2sw t993sf odd ,eqecebasl edt fo sansee 


OTS tyods to onnsterh 5s ,xevod poilssoncs of asw exsie eee 





+5 obsem sxsw enoitsvrsadO .bied sit mozt benisaniem Gane 
“xi .mi 2@.@ ot (yitasupaextatr) m e mont PpAaiprss aeonstetb 
6d bivoo eexse ,noesse pokbberie sis io dAseq sat pniceb ogee 
rab) mf @.l 3260 sonsterb s 3é visvissetts bade dopatzedb 
ezusosd bsey jon stew ebatiia .{enoisibsaes tehivéew mm igo 


.ebisd sd3 to agnemevom iastenod yileudziv sade 2o 


+ 


[fut sbsm sw , istmniw ak mixodenm patviseds slicw ~~ = 
ak ,eLnt ,tssionre es empotrbasi isexoten bas wore sft to say 
eeistimeistxs pnigssdA jo esypindoes Isuvey sit mlw notteqiangs 
geansini to efsvissni dtiw pikes sion pnivsentesis boas paivom 

[sisvee isvo enoltsyxesdo nistatem ot eo bawolls \ Ytivisos 
15 Mort paivisedo asnW ,fhioo smsitxs praised asve yemwod 
s2xIsqg 18VvO ative. spslivomso siidw siow ew , Hols fag Seaogee 
-atasq bas 


nf oe 
3gsoxe sAtoodston nt enoitavzsedo fis bebiovex I 


paibxosex tsJest 5 berkypex alsmims sid Io nolyos eds ae 


ai =a aew rebi0pst=sqht fac cm areata ee 
‘ ” rere bite ei ts 


re 4 - Pp 
a : : 
— i" a 


i) | 









—~ se 


23 
telephoto lens plus an adaptor to fit the Bushnell Spotting 
Scope and a Bolex 16 mm movie camera with a 150 mm telephoto 
lens to record muskox behaviour patterns on film. Drawings 
of muskox behaviour patterns were based on photographs and 


field sketches. 


Still and cine photography of the muskoxen became 
very difficult during the period of sub-zero temperatures 
and low light intensities. Although the Pentax was 
winterized, to ensure operation at low temperatures it had 
to be kept under the parka almost constantly, thus prevent- 
ing the taking of useful photo sequences. Over 4000 feet 
of 16 mm film was used but very little of this was exposed 
during the four coldest months because of the slowing down 
of the Bolex drive mechanism. Use of the tape recorder was 
also restricted by the effect of low temperatures and the 


frequency of malfunctioning tapes. 


The usual observation technique was to watch a single 
herd continuously throughout their feeding periods of the 
day. During the 1970 rutting season we collected data from 
aS many as four or five different herds daily by recording 
only during the first and last parts of the feeding period of 


each herd. 


During a typical observation period, I recorded the 
movement and activity of the herd, individual behaviour and 


all interactions between individuals. When I collected data 
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on activity patterns, I recorded the position of each animal 
in the herd and times of lying down and rising. For all 
interactions, I recorded, whenever possible, the duration of 
the act, the age and sex or identification of the individuals 
involved and behaviour patterns seen before and after the 


interaction. 


One observer could usually keep track of all obvious 
interactions in herds of up to 10 animals. For larger herds 
or when herds were spread out, I recorded activity in one half 
of the herd only. During poor weather in winter, we usually 


worked together, one of us observing and the other recording. 


Through daily observations, I was able to record the 
movement of individual herds through the study area and the 
relationships between these herds. Joining and splitting in- 
teractions were recorded in a flow diagram (Appendix I). Each 
herd which remained in the study area for over 3 days was 
given a label indicating the year, the position in the flow 
diagram and the size of the herd, eg. 68-A-7. Herds that were 
observed over a long period of time, and the dates of obser- 
vation, the sex ratio and known individuals in the herds, are 


listed in Appendix II. 


Eight mineral salt and cobalt salt blocks were set 
out in known muskox feeding areas. I had hoped that wild 


muskoxen would find them as attractive as captive muskoxen 
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do (Oeming 1965) and that interactions around the blocks 
might Help in determining social structure. However, the 
few muskoxen that did pass close to the blocks while feeding, 


paid no attention to them. 


Observations of temperature, wind, precipitation, 
cloud cover and visibility were taken twice daily (for sum- 
mary, see Table 1). The complete weather records are on file 
at the National Museum of Natural Sciences, Ottawa and the 


Atmospheric Service of the Department of the Environment. 
Determination of Age and Sex 


Determination of the sex of adult muskoxen was based 
on horn structure, body size, hair length and urination pos- 
ture. Age was more difficult to determine because of the 
absence of some age classes in the population (few subadult 
bulls were present and calves were absent, as were yearlings 
and two-year-olds). Subadult bulls between the ages of three 
and six were classified according to Allen (1913) and Tener 
(1965). Bulls older than about 6 years were classified as 
adults. Since no cows were observed that appeared to be 2 
years old or younger, all cows were classified as adults for 


the purposes of this study. 


Marking Techniques 


Although individuals in a small herd could be recog- 
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26 
nized by their body size and the size and shape of their horns, 
it was desirable to mark individuals to increase the amount 
of information obtainable on the movements of herds and on 
individual behaviour and activity. Several different tech- 
niques were tried, each requiring the approach of several 


persons to a herd in the tightly grouped defence formation. 


On 21 July 1969 we approached to within 13 m of a 
herd of six (1 bull, 5 cows) during a heavy rain and strong 
wind. Numbered streamers of bright red plastic wired to 
three-pronged fish hooks and loosely wrapped around small 
stones were tossed downwind into the herd. As the herd 
bolted, two sets of streamers hooked into the wool of the 
bull, one of which still remained attached when the herd was 
next seen, 14 days later. A cow in a group of 10 cows was 
marked in a similar fashion on 6 August. Again, after the 
rile latch TOow, stnertherd ran off into ithe hills and: outiior 
Sight. We marked a second cow on 27 August 1969. On 13 May 
1970, we marked five animals in a herd of eight muskoxen with 
streamers and enamel paint fired at the horns from a Nelspot 
paint-pellet pistol (The Nelson Paint Company, Iron Mountain, 
Michigan, U.S.A.). These techniques were not used often be- 
cause of the risk of driving off the few herds present in the 


study area. 


On 25 and 26 July 1968, we made several unsuccessful 


attempts to drug and tag) a solitary gadult bull from’ the 
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ground, uSing a powder-charge dart gun ("Cap-chur" gun, 
Palmer Chemical Co., Douglasville, Georgia, U.S.A.) and darts 
containing succinylcholine chloride ("Anectine," Burroughs 


Wellcome and Co., Montreal). 


In mid-May 1970 four bulls and two cows were im- 
mobilized and tagged using the Cap-chur gun technique and a 
Bell G47 helicopter (Jonkel, 1971). Six additional bulls 
were ear-tagged with nylon "Leadertags" and plastic "Perma- 
tags" (Ketchum Manufacturing Sales Ltd., Ottawa) in May 1971. 
Plastic streamers were attached to the horns with metal hose 
clamps and radio transmitter collars were fitted around the 
neck. The drugging and tagging techniques will be reported 


elsewhere (Jonkel and Gray, n.d.). 


Unfortunately, the necessary funds and logistic 
support for the tagging procedure were not available early 
in the study. Also, the technique of using a helicopter to 
isolate one animal from a herd caused an undesirable amount 
of disturbance to the herds and so we marked only a very few 
muskoxen in the study area proper (Figure 6). Consequently, 
there were few opportunities to record the behaviour and 


activity of tagged animals within herds under observation. 






vs 

,~aup “turo-qgsD") nup 316b spxsdo-sebwoq 5 paten Bao 
atisb bas (.A.2.U ,sipr09d ,slilivesfpved , +09 isoimedd somist 
aipuorisd ",stisosnA") sbixofdo entfodsiyriooss paaiieiney a 

' -_ 

: 


. (isexsnoM (.0D Bas’ emoeol iow 
pray? =.) 


; -mi stow 2woo ows bas elfud xw0t OFeL ysM-bim at a 
ee 


6 bas supindost ayp-tudo-qs) sit paiaw boppsd bas besilidom 
sifud isnortibbs xie .(LYOL ,«iseanot) nsstgoorteda "8D {Lod 
-smie9" oitesig bas “epsirebsei” nolyn d¢iw Seppsd-ise emew 
-fV@L yeM mit (swest0 , bad eelse. pniivdosionem aus rind OM) “eps?” 
eeod Laden fAtiw eniod sdt+ oF BSdostis s1sw exrsmesiae ShFaeee 


sit bauors bettit stew axysiioo ztstiimensis offs2- bas eqns io 


~ 


botioget ed iLiw zeoupiadsst pnippsd bas paipputb on? .a0en 
.(.5.0 .ysx10 bas Loanot) stentwesie’ 


ren 


siteipol bas ebnui yiseescon oft , yistsauszotaV 
[ee 


vixss sldslisvs ton stew eisbes0x1qg paippss saz tet a rnd 


~ o+ aetqooifed 6 patau to supindoed srg .oalA “pate ont ai 
se 
Sauoms sidsxizebay os bseyss Sied 6 mort [smias ono “ otelosk. 


wot yiev 5 yino boxtem sw 02 bas oo on ot sonsdtwtedb 20 aa . 
a 4 ” 


WigneupsenoD .(0 srupit) wsgorg sets ybuse ost 7. nexodaum ; TT. ; 
4 el “ ‘ae 
nee tuoiveded seit broost of 2043 iu xoqgo we oxew t 


.moisevssede 1sbonu abired nkddiw eLemme beppsd 30 





*SUOTFEODOT SYR UseM}ZeEq TeAeTR JO senor eTqeqoad pue pueTSsI }sanyzed 
TemjzueS uT uexoysnu pehhez jo shutjzyhtsez pue BbuTbhbez Jo suotzeso07T 9g eanbta 


; ee* 
o_o @ == asc, ae . on 
ee ee 

—_ ae 
Dit. 
= 5 Bai ‘\ 


4 


=. 


(KS 14 s6pruqeseig i 


wee 

is —_—eoe em o 
mo em>- ee - = 
wrens wo - -—- 
< . we wm ew eo em eoene -” 


_~ 
wer ee. ome. oe * 


as . LL6L ~——— 
ue 3a]U} iT OME i£-0£61 Ss -= saAlLl UO 


“, aISpood 2. .Y 


OL61L --...++ . 6GunyGisas oO 
(%) eAesz jo e}nNO1 uoljzesq; HulhHey © 


Wy TE Sop ZF p———} ss: BIS 
GNV1SI LSYNHLVE IWYLN3D 








— ee oo om. 
= —_< renee «meas 


disse e a+ Se 5, 





ee, Fe .*s he : 
~ Saa= ss ~, hell 
= a - a fin 


s)he te AO a 8 
~ 





isxztne> ai moxcHdaum Hboppss 70 aeetaiotacs bas peaippss zo 
anoisssol edd neswisd [Svers io eszvo1 sidsedo1g Bné bnatute’ 


ie 


RESULTS 


TXOMTHESSTUDY POPULATION 


A. Recent History 


reance 1930, there have been several published 
estimates of the total muskox population on Bathurst Island. 
Anderson (in Hoare, 1930) estimated the population to be 
1500 muskoxen. Tener (1958) estimated the total number of 
muskoxen on the island to be about 100. After "intensive" 
aerial coverage of the island, McNair (in MacPherson, 1961) 
made an estimate of 300 muskoxen. As a result of the Queen 
Elizabeth Islands Game Survey in 1961, Tener (1963). re= 
estimated the population, arriving at a figure; ofmel 6a 


muskoxen on the island. 


im ties; pasiy, tue Bracebridge-Goodsir valley was 
known locally as the "zoo" because of the numbers of caribou 
and muskox occupying the valley during the summer. In June, 
1957, Thorsteinsson (MacPherson, 1961) saw 149 muskoxen dur- 
ing a single flight in the Bracebridge-Goodsir valley. In 
June 1961, Tener (1965) saw 4 herds containing 69 animals 
on the south shore of Bracebridge Inlet. Ona finght 4hron 
north of Goodsir Inlet south to Freeman's Cove in August, 
1964, L. V. Hills (pers. comm.) counted 150 muskoxen. 


Most of these animals were observed within the Bracebridge 
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and Goodsir Inlets. 


During this study, the number of muskoxen in the 
Bracebridge-Goodsir valley (i.e. the study area) fluctuated 
from 0 to 121 (Figure 7). The mean herd size ranged from 4 
to 29 (Figure 8) and the greatest number of herds in the study 


area ranged from 1 to 16 (Figure 9). 


in demonstrating the change in total number of musk- 
oxen, mean herd size and number of herds in the study area 
(Figures 7-9), and in summarizing these data for each month 
of the study (Table 2), I have used the highest recorded 
number of each week of the study rather than the mean for each 
week because of the many days when accurate counts were im- 


possible due to weather conditions. 


An important feature of this population was the 
steady increase in numbers in the study area during late sum- 
mer and fall (Figure 7). At that time, herds moved into the 
area from the east, west, north-west and south. The increase 
in numbers reached its peak at 115 muskoxen on 25 August 1969, 


121 muskoxen on 3 October 1970, and 110 en 10 October 1971. 


In 1970, the size of the population decreased rapidly 
after October as herds moved out of the area. No muskoxen 
were seen in December 1970 or January 1971. The only other 
times when muskoxen could not be found in the study area were 


early July 1968 and the last half of April 1971. The numbers 
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35 
seen in February and March 1971 were higher than the average 


summer population but not as high as the fall population. 


In the spring and summer of 1968, 13 muskox carcasses 
were found in the study area. Of these animals, three adult 
females and three adult males had died the previous winter, 
one calf (estimated to be 6 months old) had died the previous 
fall or early winter and one adult female and two subadults 
(about 2 to 3 years old) had probably died within the previous 
28ace3 years. All but one of the recent carcasses were un- 
touched by scavengers, indicating death due to factors Tothes 
than predation. Another adult bull diedton 3LleMay 1968. 
Femur marrows of that bull, one of the adult cows and a sub- 
adult bull killed by a wolf on 28 May, 1968, were found to be 
red and jelly-like, suggesting nutritional stress at the time 
of death (Cheatum 1949). Marrow from the femurs of an adult 
bull accidentally killed during the tagging procedure in May 
1971 and a pregnant cow killed by wolves invMarch 4197 L were 
found to be white, firm and waxy (Hubert, pers. conn. -arndi= 
cating good condition. No carcasses other than the two 
resulting from wolf predation were found in the study area 


after 1968. 
B. Distribution of Muskoxen in the Study Area 


Between February and April muskoxen fed along the 


north side of the main valley at the foot of the south facing 
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36 
slopes (Appendix III, part 1). Some herds were found between 
the ridges and in several of the smaller gullies north of the 
valley and at the east end of Bracebridge Inlet. In May, the 
herds grazed in valleys offering relatively shallow snow and 
some shelter from the wind. During June, the muskoxen ex- 
tended their feeding areas to the east, feeding at the foot 
of the slopes where wind-blown material on the snow surface 
caused an early melt. A few herds were observed on the south 
side of the valley near Bracebridge Inlet (Appendix III, part 
2). sAs the snow began to melt, the muskoxen moved more and 
more to the exposed areas, feeding on such plants as: Carex 
stans, Saxifraga oppositifolia and Salix arcticas. During wuly, 
as more herds moved into the valley, much of the ground in 
mid-valley was utilized (Appendix III, part 3). By mid-August, 
the muskoxen were feeding in and around the wet, marshy areas 
over the whole valley using, among other plants, Carex stans, 
Arctagrostis latifolia and Eriophorum scheuchzeri. "In° late 
August, most of the herds were on the south side of the valley, 
both down in the marsh and up on the gentle, north-facing 
slopes. In September and October, herds were feeding in mid- 
valley, mainly around the edges of the many ponds (Appendix 


Pil epanre 4)". 


In October and November, 1970, herds moved out of the 
study area to the west. Most herds moved along in their usual 


slow, walking manner, but in other cases (e.g., a herd of 31 
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on 1 November), the whole herd moved west, alternating 
galloping and walking, with little pause for feeding, until 
they disappeared from view. By November 12, only one herd 
(70-E-14) was visible from camp. No muskoxen were seen 
during trips to various parts of the study area from 27 


November 1970 until 4 February, 1971. 


Although some herds remained in the study area for 
less than 24 hours, others spent over a month within the 
study area boundaries. For example, herd 69-A-4 remained 
within an area of approximately 20 kn” £rom 29 April to 30 
July, 1969 and two other herds (70-E and 70-F), in the 
period from 6 September to 5 November, 1970, remained within 


areas of 9 and Ill km respectively (Appendix III, part 5). 


Resightings of tagged and marked muskoxen showed 
that individuals (in herds) do move between the study area 
and other areas of muskox concentrations up to 37 km distant 
(Figure 6). Four of the six tagged in 1970 and three of the 
six bulls tagged in 1971 have been resighted in the study 


area. 
C. Discussion - The Study Population 


The estimates of the size of muskox population of 
Bathurst Island cannot be compared with any confidence be- 
cause the surveys undertaken were not standardized. Surveys 


conducted during this study (Gray 1970, 1971) have demon- 
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strated the great differences in total counts that can result 
when surveys over one area are oe during Aue paane seasons. 
Fluctuations in numbers obtained in the daily counts from the 
ground (Figure 7) indicate that short term surveys may be un- 


reliable for estimating the size of a local muskox population. 


Seasonal changes in distribution of the muskoxen in 
the study area followed a similar pattern in each of the four 
years of the study. Rather restricted distribution during the 
late winter, spring and early summer accompanied low population 
numbers. As the local population increases during the summer, 
more and more of the valley area is used by the incoming herds. 
This wide distribution accompanying the increase in number of 
herds and in the mean herd size may be important in relation 
to the number of interactions between herds seen at this time 
(Appendix I). The influx of herds into the lowlands of the 
study area in late summer coincides with the end of the re- 
ported rutting season and may be influenced by early snowfalls 
at higher elevations which may cover the ground "permanently" 


as early as the end of August. 


The significance and possible causes of the mortality 
evident in the spring of 1968 will be discussed in following 


sections. 
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II. SOCIAL ORGANIZATION 


In this thesis, I use the term "herd" to describe any 
group of two or more animals in which the individuals are 
usually separated by a distance of less than about 100 m and 
have synchronized activity patterns, i.e., they move, feed 


and rest together. 
A. Herd Structure and Composition 
1. Herd Size 


The monthly mean herd size in the study area as 
determined from the daily counts, changed from a low of 4-7 
Tapas -Auguec cto igus Of) 15-18) in October, 21-22 in Feb- 
ruary-March and.13-29 in April (Table 2). In the fall of 
1969, 1970 and 1971, the mean herd size generally increased 
along with the total number and the number of herds (Figures 
7-9). The most frequently observed herd sizes for each month 
in the four years of the study were similar (Appendix IV). 

In summer, the most frequently observed herd sizes were in 
the three to six range while in winter, the most frequently 
observed herd sizes were much more variable, ranging from five 


to, over 215. 
Dem sOLLGaly ouilLce 


Three solitary bulls were seen in 1968 (20 May, 28 


May and 24 July) and 1969 (24 June, 5 Ouly go August) (From 
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April 1970 to October 1971 seven solitary bulls were observed 
in the study area, three of them marked bulls temporarily 
separated from herds after the tagging procedure. One is 
thought to have dropped out of a herd stampeded after a wolf 
attack and one was a dominant bull who simply walked away 

from his herd (70-E-15) and was not followed (September 5, 
1970). Only two other solitary individuals were seen (9 June 
1970, and 28-30 August 1971). Two other solitary bulls were 
seen on surveys outside the study area - an adult on 19 August 
and a 3 or 4 year old subadult on 23 May 1970. No solitary 


cows were seen during the entire study. 
3. Age Composition 


The muskox population of the study area consisted 
mainly of adult animals. No yearlings were observed during 
the study and no calves were seen until 20 September 1971, 
when one calf was seen in a herd of 27 at the east end of 
Bracebridge Inlet. This was the only calf seen in my study 
area (excluding the foetus recovered from a wolf-killed cow 
in March 1971 and the carcass of a calf estimated to be six 
months old, found a5 June, 1968). Unfortunately, aiterlonly 
1k hours of observation, this herd stampeded away with the 
calf after an unsuccessful wolf attack. Five subadult bulls 
were seen in the study area in the summer of 1968 and 8 in 
1969. Eight subadult bulls were observed from aN ohh et Wl WARE Ke YA) Bea ee: 


September 1971 (Appendix V). 
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Outside the study area the first calves were seen on 
1 and 2 May 1971 during a helicopter survey of southern 
Bathurst Island. Five calves were seen each in a different 
herd. The total number of muskoxen seen on those two days 
was 196. Many of these same herds were surveyed on 13 April 
from a Twin Otter aircraft but no calves were seen. Five 
additional calves were seen with a herd of 8 adults at the 
south-east end of Bathurst Island on 17 May 1971 and 6 calves 
of unknown sex were seen in a herd of 29 (13 cows, 10 bulls) 


at Freeman's Cove (Figure 3) on 4 October 1971. 


During the helicopter surveys outside the study area 
in May 1970 and 1971, only 8 subadult bulls were seen (one, 


a 5 or 6 year old, was tagged as bull a 2) 


4. Sex Ratio 


Because of the disruptive effect of close approach 
by humans, it was not feasible to determine the sex ratio of 
all herds seen in the study area. Approaching large herds 
closely enough to determine sex ratios often led to stampede. 
In late summer and fall we could not approach a herd close 
enough to determine the sex ratio without alarming the other 


herds in the area. 


Because of mixing (see Herd Stability), animals in- 
cluded in the ratio for one month may also have been included 


in the ratio for the following month, but as part of a dif- 
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ferent herd. 


In 1968 and 1969 the adult sex ratio approximated 
equality (Table 3). If single sex herds were included the 
sex ratio was slightly unbalanced in favour of bulls. The 
1970-71 herd sex ratios, on a monthly basis and excluding 
solitary bulls and single sex herds, also approached equality 


(Table 4). 


5. Single Sex Herds 


Three herds of bulls were seen in 1968 (n= 2,4,4). 
In 1969, 15 herds containing only bulls (mean herd size 3.5) 
and 4 herds containing only cows (mean size 5.5) were observed. 
In 1970 (May-December) nine bull herds (mean size 4.2) and one 
herd of four cows were seen (Appendix VI). Between May and 
October 1971, only two bull herds were observed in the study 
area and another seven on aerial surveys (mean for all 9 = 


4.4). 


6. Discussion - Herd Structure and Composition 


The seasonal change in herd size from large winter 
herds to smaller summer herds corresponds to the situation 
reported by Tener (1965) for other Canadian muskox populations 
and by Spencer and Lensink (1970) for the muskoxen of Nunivak 
Island, Alaska. The number and size of the single sex herds 


observed in this study also matched their findings. 







= 
Fotis ) u - a orir 
a $e\4.2 aiJ a - a? S i= LS Lis 


hpi xoveun asibensS teulin x02 (cael) sensT yd 


Ent to nos woxaum sit i952 (OTeL) aaieded ry 


"ey 
2 22 oipmks ait zo ans hag rodmwe ont 
: or os ’ - am 


in 
_ 

iii € LID: Ba ont, _. v2 

he = oy : = wer t ale ~~ 








43 


Table 3. Adult sex ratio in muskox herds in the study 
area in 1968 and 1969.* 


No sect no OL. INO. Or $ Bulls No. of Bulls 
Month Herds Bulls Cows Total for month per 100 cows 


1968 
May iP 6 5 1) 5A.5 
June 2 Ss 3 12 RU 
July 6 18 8 26 69.2 
August il 3 4 7 42.9 
Total 10 36 20 56 64.3 180.0 
re 
1969 
April 2 tal 2 13 84.6 
June 8 30 47 el 39.0 
July us 43 43 86 50.0 
August 12 35 46 81 452 
Total a7 119 Les 257 46.3 68.2 


* excluding single sex herds and solitary bulls. 
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Table 4. Adult sex ratios in muskox herds in the study 
area in 1970 and 1971.* 


Noe of MING Sof. Nortot % Bulls No. of Bulls 
Month Herds Bulls Cows Total for month per 100 cows 


(esos len pate incl, cl ea aA a eae cece 


oF) 
April i 7 7 14 50.0 
May 4 18 17 35 51.4 
June i 2 2 4 500 
August 1 4 3 U ST 
Sept. 6 26 34 60 4323 
Total. 1S 57 63 120 47.5 90.4 
2 Beveral posethis i203 eee 
Ore 
March 1 2 7 ~) 2202 
May 6 cht 24 55 56.4 
June 2 11 2 138 84.6 
Sept. 5 37 50 87 42.5 
OC 4 34 20 50 61.8 
Total 18 Lis 104 219 5255 110...6 


* excluding single sex herds and solitary bulls. 


r a 
i} 






ybute eft at ebted sae ai 2oissx xee tivbéA db oldsT =~ 
*, [Vet Bas OTeLl ai sors —s 


Li 


eaifud io .on altvd @ Xo -o%4 to .OM to on 
awop 00L 1saq dinom 103 Iss0T awed afivG  ebizen 


45 


The two major differences between the composition of 
herds in my study area and in herds described by the above 
authors are in the observed age structure and in the sex ratio 


of mixed herds. 


The complete absence of calves, yearlings and two- 
year olds during 1968, 1969 and 1970 is a marked change from 
conditions reported for earlier years. Tener (1963) reported 
that in the Bracebridge Inlet area in 1961, calves accounted 
for 27.5% and yearlings 18.8% of the observed animals (n=69). 
Hills (pers. comm.), in a flight over the study area in 
August 1964, distinguished 55 adults and 27 young. Because of 
clustering and the speed of the aircraft, he was not able to 


distinguish between calves and yearlings. 


Several possible factors which could cause the observed 
decrease in the percentage of young muskoxen in the herds in- 
clude failure of cows to come into full oestrus condition or 
bulls into rutting condition, loss or resorption of the foetus, 
winter mortality or heavy predation of calves. Certain of 
these factors may also be involved in the observed sex ratios 


in the herds studied. 


In this study, even during the rutting season, the 
sex ratio in herds generally remained equal. In studies con- 
ducted elsewhere, the sex ratio in mixed herds was reported 


to be unbalanced in favour of cows, with rarely more than one 
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mature bull per herd (Tener 1965, for Ellesmere Island and 
the Thelon Game Sanctuary; Spencer and Lensink 1970, for 
Nunivak Island; and Hubert pers. comm., for Devon Island). 
These same investigators found numerous solitary bulls in 
summer and, in general, a one-to-one sex ratio when solitary 
bulls were included in the ratio. On Bathurst, bulls which 
would be expected to become solitary during the rut (on the 
basis of these other data), remained with the herds. The 
concensus of previous observers of muskoxen (Hone, 1934) is 
that bulls are expelled from herds after tosings battles over 
the possession of cows during the rut. Therefore, before 
considering this situation any further, it is necessary to 
investigate the relevant aspects of herd dynamics and agonis- 


tic and reproductive behaviour. 


B. Dynamics of the Herd 


oe ctivaty Cycle 


The activity pattern for muskoxen observed in this 
study consisted of alternating periods of feeding and resting- 
rumination each lasting for approximately 150 min (Tables 


Sole 


Although the length of the periods for a herd on a 
particular day could be quite variable (Table 5), over a 
longer period of time the activity cycle for a single herd 
was relatively uniform (Table 6). A Wey oieal “daily activity 


cycle consisted of a series of feeding and resting-rumination 
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Table 5. The activity cycle of a herd of 10 muskoxen on 
September 15, 1970. 


‘Same emis SE aSe = spasms cates oem a Se 


Time (CDT) Herd Activity Time Period 
(min) 
SS ee ee ee ee 
0914 lst muskox down 
40 
0954 all 10 down 


all resting/ruminating 110 


1144 lst muskox up 
32 
1216 Steel O" a 
all feeding 208 
1544 lst muskox down 
91 
1715 all 10 down 
all resting/ruminating 90 
1845 lst muskox up 
37 
1922 all 10 up 
Ota. 10 hours, 


8 minutes 
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Perlods of near-uniformilength, (Table 7). 


The change-over time from feeding to resting-rumination 
was also variable but averaged about 45 min for a medium-sized 
herd (Table 6). The length of the change-over from resting- 


rumination to feeding was about 30 min. 


In herds where all muskoxen were individually recog- 
nizable (eg. herd 69-A-4), times of individual feeding and 
resting-rumination periods were recorded. In other herds only 
resting-rumination periods could be recorded accurately for 
individuals. For feeding periods, only a value for the whole 


herd could be obtained. 


During May, June and July, 1969, herd 69-A-4 was ob- 
served for 205 hours. The four animals in the herd could be 


individually recognized, mainly by horn size and shape, and 


were "named" as follows - "LB," the largest bull, with large, 
cracked and dark-coloured horn bosses; ‘2B e with symmetrical 
horn bosses, smaller and lighter than LB's; "1B," with asym- 


Netrigal Horn bosses, lighter than 2B"s;\and “C,= ahe: cow, 


With typical adwit temale norns: 


During May, Wume and July, 1969, 25eheeding periods 
and 19 resting-rumination periods were accurately timed for 
the four animals. (Other periods timed for only part of the 
herd were not included in the following analysis.) The mean 


durations of feeding and resting-rumination for each animal in 
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Table 7. The activity cycle of a herd of 7 muskoxen on 
June 13, 1968. 








Time (CDT) Herd Activity Time Period 
(min) 

1000 all feeding 126 

1206 lst muskox down 

1210 all 7 down 4 
all resting/ruminating sab 

Psod lst muskox up 

1307 all 7 up 5 
all feeding 155 

1542 lst muskox down 

1602 all 7 down 25 
all resting/ruminating 15 

eh ee lst muskox up 

is5 a dle Ai ig 
all feeding 188 

2043 lst muskox down 

2120 all 7 down 37 
all resting/ruminating 140 

2340 lst muskox up 

2400 EVI 9 ihe) 20 


TOTAL 14 hours 
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the three months were as follows: for LB, 169.0 and 138.3 


Minsetor 2b, 656.4 ana 153.2 min; for 18, 162.8 and 147.6 


Mirneeand £OreG,.1752.0,and)/132.5 min (Table 8). 


The cow had consistently longer feeding periods and 
shorter resting-rumination periods than the bulls 2B and 1B 
but an analysis of variance conducted on the twenty-five 
feeding periods and the nineteen resting-rumination periods 
showed no significant difference between the four animals at 
the 5% probability hovel: However, the total feeding time for 
twenty-six periods for the cow 36-80 hours, I@imin, and§for 2B 
only 72 hours, 33.min, a-difference of.7 hours.and 45 Man. 

The difference between the cow and 2B is not significant at 
the 5% probability level. There is no significant difference 


between the bulls 1B and 2B, nor between LB and the cow. 


At the beginning and end of each feeding period, I 
noted the order in which the individuals commenced or finished 
feeding (Table 9). The cow and 1B were most often among the 
first two to rise (61.1%), but the dominant bull, LB, was most 
often the first (33.3%, Table 9a). The bulls 2B and 1B are 
most often the first to lie down (38.9 and 41.6%) and the cow, 
most often the last (36.1%, Table 9b). The cow and 1B were 
very seldom the last animal to rise (11.1%) and the cow was 


rarely the first one to lie down (5.6%). 


Only occasionally were the activity cycles for two 
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Table 8. Duration of feeding and resting-rumination periods 
for the four muskoxen of herd 69-A-4 (LB, 2B, 1B, 
Cyrduring May, vine ana wuly L960" 


Activity Month Mean Time Nos. on 
(min) Periods 
LB 2B 1B Cc 
Feeding May 183.04elo¢.2 17792, 2481.8 6 
June GZ LeeLee ee ) LS ea a6 6%. 2 14 
July P7060 6183.4 177.2) 191.4 5 


mean 169.05 156.4 162.8 5175 50 


Resting- 
Rumination May Pi9eIe 225e0, 2lse0 to... 3 
June 1374 50515801 147340 .3831.9 11 
July PLS Zee oe LOU EO USmG 2) 


mean 138337 slo3s2. lA see 
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Table 9. The order in which LB, 2B, 1B, C (69-A-4) began 
and ended feeding periods in the period May to 
July 1969 (expressed as a percentage). 





(a) Beginning of feeding periods (n=36) 


Muskox First up Second up Third up Fourth up 
LB 332.3% 13.9% 250% 27.83 
2B 16.7% 16.7% 222s 44.4% 
1B 30.63 30.6% 27.8% 11.13 

c 22.2% 38.9% 27.83 11.13% 


(b) End of feeding periods (n=36) 


Muskox First down Second down Third down Fourth down 


LB 16.7% 25.0% BO. Ls ean s 
2B 38.93 16.7% 30.6% 3% 2's 
1B 41.6% 27.8% 8.3% 22.25 


G 5.63 BeBe 15.0% 36.13 
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different herds in synchrony, and then only for short periods 
of time. In all herds observed the individuals within the 
herd had synchronized activity cycles. One exception involved 
the dominant bull of herd 70-E-15 who, over a period of days, 
gradually moved out of synchrony with his herd. Eventually 

he walked away from the others during his feeding period while 
the herd was just beginning the resting period. Several ani- 
mals in the herd did stand up and watch him move away, turned 
to look at the others still lying down, and then resumed 


ruminating themselves. 


On the other hand, the individuals in the few large 
herds or groups observed in February 1971 did not show this 
Same synchrony. Rather, varying numbers of individuals would 
be feeding while others were resting and ruminating. For 
example, on 26 February, during four hours of observing two 
groups (12 and 27 muskoxen) at no time were all animals of 


either group up or down at the same time. 
2. Contagious Behaviour 


Contagious behaviour refers to the spreading of a 
behaviour pattern from one animal to another. The action of 
one animal stimulates or "causes" the same behaviour in 


others. 


The most impressive example of contagious behaviour 


in muskoxen occurred during stampedes. If one animal broke 
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from a group defence formation, others would immediately 
follow. If one of the leading animals or one from the middle 
stopped and wheeled around after running some distance, the 
others would generally do find same. NOlfiarqroupnep let rduning 
a stampede, the group in front might stop and turn around but 
seeing the others run towards them, would again begin running 
themselves. This behaviour was observed to result in herds 
travelling over 5 km in less than 30 minutes on several 


occasions. 


Another example of contagion occurred between the two 
phases of the activity cycle. At the end of a feeding period, 
as individuals lie down to ruminate, the interval between the 
first and last muskoxen to lie down was usually greater than 
the interval, at the end of the resting-rumination period, 


between the first and last to get up (Tables 5, 6, 7). 


In comparing the variances in intervals between he 
dividuals when the herd 70-F-10 was lying down at the beginning, 
and when the herd was getting up at thevend, of (fiverresting- 
rumination periods (Table 6), the data were transformed by 
using Jx + 1 to normalize the Poisson-distribution and tested 
using the F-test. A significant difference was found in one 
case (F=5.916, p <0.01), but the other four showed no signi- 
ficant difference. In all of the examples tested, one animal, 
often the dominant bull, remained feeding or sesting .for a much 
longer time than the others and may have influenced these re- 


sults. 
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The order in which each of 31 muskoxen (in a herd ob- 
served on 22 October, 1970) began a resting period was compared 
with the order in which they got up at the end using Spearman's 
coefficient of rank correlation. No significant correlation 
was found. When the order in which they began the resting 
period was compared with the amount of time spent lying down, 
@ significant correlation was found (t = Sz 026 ewer -O8 00%) = ln 
other words, the first animals to lie down were down longer 


than the last animals to lie down. 


Contagion probably has an effect at both the beginning 
and the end of feeding periods but the action of an animal 
rising and walking slowly away probably has a greater conta- 
gious effect on a recumbent muskox than the lying down of a 
nearby animal has on another still feeding. Near the end of 
the feeding period there was a definite centripetal movement, 
only partly because the areas optimum for resting were some- 
what restricted (at least in summer). At the beginning of 
a feeding period, the muskoxen spread out quickly and soon 
began moving away from the resting-rumination location in a 


centrifugal movement. 


As the animals spread out, the frequency of social 
interactions was relatively high. “Again! at theend> of” feed- 
ing periods as individual distances gradually decreased, 


a higher frequency of social interactions was noted. 
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Joining or splitting up of herds occurred at all times 
of the year (Appendix I). Some herds remained intact for only 
a few days before splitting and often a herd formed from the 
union of two small herds would split into different sized 
groups within 24 hours. However, other herds or groups re- 
mained intact for long periods of time. For example, the 
three bulls from herd 69-A-4 stayed together for 67 days 
(29 April to 5 July 1969). Three other examples of groups 
that remained together for similar periods of time, but as 
parts of several different herds, are taken from the August- 
October 1970 data (Appendix I, part 4). Four animals from 
herd 70-E-12, which formed on 9 September, remained together 
for 13 days following the splitting of the herd and were 
joined by 10 others for 7 days making a total of 69 days to- 
gether. Five animals from the herd of 10 first seen on 6 
September remained together for 58 days as part of 4 different 


herds. 


The behaviour of the individuals and herds in these 
joining and splitting interactions will be discussed under 


Agonistic Behaviour. 


The large "herds" seen in February 1971 showed much 
day-to-day fluctuation. These muskoxen were seen in groups 
of 10 to 53 animals with the average size of the group being 


about 40. The small herds of late winter and early spring 
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again showed the relative stability characteristic of summer 


herds. 
4, Leadership 


During the daily movements within a feeding area, 
muskox herds moved as loosely organized groups. In herd 
69-A-4, the direction of movement while feeding was influenced 
by any of the individuals, with no single muskox remaining at 
the front of the herd longer than any other. In fact, the 
"front" of the herd often became the rear as individuals 


changed the direction of their movement. 


However, during the periodic movements from one feed- 
ing area to another the herd usually travelled in single file 
and feeding activity was greatly reduced. In ten out of fif- 
teen such movements recorded for herd 69-A-4, the bull, LB, 
initiated the movement and retained the lead position for most 
of the distance travelled. In two cases, he was not followed 
by the herd, but did return to them after some hesitation. 

Two movements were initiated by 1B but, after scent-marking 
displays by all three bulls, LB took over the lead position. 
The other bull, 2B, initiated one movement, was followed by 
the cow, watched by 1B and ignored by LB and eventually circled 
around and returned to the others. In two instances, after the 
herd size had increased to fifteen (i.e. )) nerd! 69-A=-15), the 


whole herd moved off in one direction while LB moved off in 
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aye) 
the opposite direction. The others gradually reversed their 


movement and again followed LB. 


During such movements the order of travel in herd 
69-A-4 was not constant. Often 1B or 2B would travel in front 
of LB for brief periods. Interactions such as head-butting 
and charging were common during some movements. When travel- 
ling, 1B and 2B interacted more often, and they and the cow 
stopped to feed more frequently than LB. Consequently, they 


often ran to catch up to LB who moved along at a steady rate. 


In herds with few recognizable individuals, the in- 
fluence of one particular bull on the movements of the herd 
was most evident when the herds were confronted by an obstacle 
such as a deep, river or steep bank. Then after several herd 
members failed to find a route and remained standing or look- 
ing around, the "lead" bull would move up through the herd 
and continue on, sometimes trying several different routes 


before leading the herd past the obstacle. 


Other instances of a particular bull behaving diit— 
ferently from the others and influencing the movements or 
behaviour of a herd occurred during attack by wolves or dis- 
turbance by man or machines. Leadership under these condi- 


tions will be described in later sections. 
0s Discussion - Dynamics of the Herd 


Neither Tener (1965) nor Harington (1961) described 


Re . of 


tisds bosieves vlisuvubsue exedeg sil? . yrotjoseks eszeogqo edt” 


42 bewolici mises bas jnemevom 


bred mi Levert to rebto efd etnemevom douse palase ©) - Ff 


tnoxt oi [ovexs bivow 88 to al nestO .sas28q0o Jom Gay b-A-89 | 


pitejud-bsed es dove anoigesxsini .aboitgy telzd 2e8 Gi te 


Pi i 


. I 
~[svs13 monW .adasmevonm seioe paiivb comes stew pripisitio Bas 
® rs 


wo> eft bas yess bas .asd20 stom besosssgar a8 Bas GL speaks 


yens ,yianeupeesnoD .a&F presid virnespaxt stom al og beqacde 
+ 


aie 

.s3st ybsese 6 ts pnolis Bsvom odw Yl of gu aSsbD Gs Hes neste 
_> > 

-1i odd ,alevBbivibnar sidésinvose: wet rdiw eben ie 


Bisd sdt 30 etnamavom sdt no Lfud stelnotiasg sae to sonepis” 


slostedo ns yd bejnorinoo Stew ebsed sat nodw taebive taom easy 
2 PS 

biod [susvse wsti6 nsdt .Ated geste a0 ISVin qeae 8 ae ove 
-Xo00f to patbnrt2 benisms x bas sctors baik® oF HSelis® atodnuem 
aed 

Bion sit dpvoxrds gu svom blyow lind "Bsel”" ont ,_BaAgems Ga 

} 0 « : i) 

se asjuot tnsistiib Inzreves pniyxt esmiszemoe yao oun ignoo - 
edo att tesq Bier ods oatbssl ented 

a ‘ ingt 


—2ib poiveded [ind szefupisdasa 5 to esonstenit atedsq, ie sy 


TO @sanomevom sii palonstliot be exsd3o sit moye vitagas 
~eib to eoviow yd Acstdes paiagb Bbexxdoop base diel . 


apelin faint 








60 
the activity cycle of muskoxen. Bos (1967), from limited 
observations, suggested alternate feeding and resting periods 
of from .5 to 1.5 hours in duration.  Stefansson (1924) 
indicated that muskoxen lie down for 2-3 hours after having 


filled up on vegetation. 


In this study, the timing of the basic activity 
pattern of alternating 2% hour periods of feeding and resting- 
rumination, was usually common to all individuals within a 
herd. This synchronization is not due to spatial considera- 
tions since, in the study area, grazing areas are relatively 
uniform and extensive enough that a herd does not have to 
search out a feeding place. Resting places, though somewhat 
restricted in summer, are also abundant. The length of feed- 
ing and rumination periods are doubtless influenced by general 
physiology and the quality of the food. Also, the weather or 
Climate can affect the activity cycle by altering the time and 
energy necessary for muskoxen to obtain a suitable amount of 
food as well as altering the amount of food needed to maintain 
body processes. These variables over a long period of time 
would tend to act in opposition to the observed synchrony 
Since individuals would not be affected in exactly the same 


way and would have feeding periods of different lengths. 


The contagious aspects of behaviour, the influence of 
the behaviour or activity of one animal on others, are probably 


important in maintaining the synchrony of activity in the herds. 
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The effects of individual differences in length of feeding 

and resting-rumination periods within a herd may be balanced 
by the contagious aspects of behaviour. Individuals tend to 
do what others are doing, consequently the herd becomes syn- 


chronized. 


The increase in social interactions as muskoxeh rise 
and begin feeding following a resting-rumination period is 
probably due to the short distances between individuals =pe- 
fore they spread out. The. imcrease in interactions at the 
end of the feeding period also occurred when the individual 
distances were low as muskoxen moved towards those already 
lying down. This increase however, may also have been in- 


fluenced by a decreased motivation for feeding. 


Kramer (1969) found the opposite sort of movements 
between feeding and resting positions in chamois (Rupricapra 
rupricapra), with the individual distances increasing as more 
animals began the resting phase and decreasing as the feeding 


phase began. 


The closeness of individual muskoxen and caribou 
while feeding in large herds led Hammel (1956) to suggest that 
the moisture cloud above such herds in winter reduces radia- 
tive heat loss to the clear sky. I doubt that this would have 
much effect on muskox herds, however, given the frequency of 
light to moderate winds. Although moisture clouds were seen 


near herds during very cold weather, the immediate drift away 
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from the herd was evident except on the rare calm days (re- 
corded only 12 times in weather observations between November 


1970 and March 1971). 


The synchronization of activity patterns within a 
herd probably greatly increases the stability .of .the sherd 
formation. Because of constant movement and wandering feed- 
ing habits, individuals that move out of synchrony with the 


herd would soon separate from the herd. 


Herds were basically stable and, although break-ups 
occurred often, they almost always occurred following.a.d?s- 
turbance, following the union of two herds, or when the large 
winter "herds" or groups split up into smaller herds in late 
spring. Break-ups at most times of year did not appear to be 


spontaneous. 


The various possible connotations of the words lead, 
leader and leadership make the concept of leadership a com- 
plex one. To Jead-canimean to."go.first,;")to "conduct, equlde, 
especially by going in front Ofpseoret One Ui eceaby, example" 
or "direct movements of" (The Oxford English Dictionary, 


1D Ggls}as 


Although many discussions of leadership in animals 
seem to use leadership only in terms Of going first. in a_mov— 
ing group of animals, l feel that a broader use of the term, 
to include the possible influence of one individual on the 


movements of a herd (where that individual may not always be 
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at “the “front of a herd)’, is necessary. 


Stewart and Scott (1947) analyzed the reaction of 
pairs of goats (from a single herd) to human interference in 
order to determine what they called leadership. If the two 
goats moved away from the "disturber" together, the first to 
move was considered the leader if the other followed. This 
separation of a herd into pairs to determine leadership would 
surely ee a situation in which leadership, as it applies 


to a herd of wild animals, could not exist. 


Tener (1965) suggested that an older cow is usually 
the herd leader in muskoxen outside of the rut. He gave 
examples of such leadership only for a few situations where 
the herds were aware of, and disturbed by, his presence eaus— 
ing the herd to move away with the older cow moving at the 


front of the herd. 


Under conditions of disturbance such as those imposed 
by Stewart and Scott (1947) and described by Tener (1965) 5,8 the 
observed "leadership" does not seem to be the same phenomenon 
as that described under natural conditions in this study and 
by several other authors (eg., McHugh, 1958 and Geist, 1971). 
Rather, it may simply indicate that an individual who makes 
the first neve is followed by the others. This could also be 


described as "followership." 


Gilbert and Hailman (1966), in a study of leadership- 
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64 
rank in fallow deer (Dama dama), found that when a group of 
does were frightened by approaching humans, they tended to 
follow a group "leader" in a linear sequence which became 
more variable as the leadership-rank decreased. No such se- 
quence was noted for muskox herds in undisturbed or disturbed 


conditions. 


Tener (1965) suggested that, during the rut, the 
dominant bull of a herd is the "decision-maker" in selecting 
feeding grounds or in reacting to danger. My own observa- 
tions indicate that leadership in muskox herds is very closely 
related to the social dominance hierarchy not only during the 
rut, but throughout the year. This relationship between 
dominance and leadership will be discussed further in follow- 


ing sections. 
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III. MAINTENANCE BEHAVIOUR 
A. Locomotion 


The most common method of progression seen in the 
muskox was the slow diagonal (lateral sequence) walk. The 
footfall pattern was RH, RF, LH, LF. The head was lowest 
as each forefoot hit the ground, and swung slightly to the 
side of the falling forefoot. In this walk, an animal is 
able to stop suddenly at any phase without losing its balance 
(Bullock, 1971). The slow diagonal walk was used while feed- 


ing and moving within and between feeding areas. 


When a muskox was disturbed the slow walk became a 
fast walk which abruptly shifted into a gallop. The gallop 
was seen in several circumstances including charging, clashing, 
chasing of cows by bulls, bulls being chased by dominant bulls 
and stampeding. The footfall pattern for the gallop was RH, 
LH, LF, RF., i.e. the lateral or rotary gallop pattern. In 
both field observation and preliminary analysis of a limited 
amount of 16 mm film, no gait intermediate between the walk 


and the gallop was noted. 


When crossing rivers, muskoxen generally walked 
slowly and did not enter water deeper than chest height. 
In July 1968, an adult bull was seen crossing a flood- 
swollen river using a gallop-like gait which slowed to a 


rocking, surging motion creating a low wave in front. On 
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66 
another occasion, a bull stepped into a river channel, sunk 
out of sight and was carried several meters downstream be- 
fore he was able to reach shallow water and regain his footing. 


Muskoxen were not seen swimming during this study. 


Another pattern of locomotion associated with water 
was observed in mid- and late summer. While the herd was 
feeding or travelling, a single cow or bull walked out into 
the middle of a shallow pond, stood briefly, then began 
whirling around, jumping and splashing and flinging the head 
up and down. I observed this behaviour being performed by 
cows on three occasions and by adult bulls 10 times. This 
behaviour is very similar to the patterns of play behaviour 


shown by muskox calves (Tener, 1965). 


When travelling in deep snow, as for example when 
crossing a river channel or climbing a lee drift at the foot of 
a hill, muskoxen moved in single file with each animal, regard- 
less of size, sex or age, placing each foot in the footprints 
made by the lead animal. Muskoxen often followed in tracks 


made by other herds or, in some cases, by humans. 
B. |» Stances 


Several different postures or positions were assumed 
by muskoxen during the resting-rumination phases of the daily 
activity cycle. Two distinct postures were seen while the 


animals were lying down ruminating. In the first »etheshand 





aa 

danve ,fennsd> usvix 5 otni Besqqete find s \Moiesoj0 Yedtons— 
~sd msexjanwob erejon isreyee Seimass esw Sas Iripis Io Sue 
.pniszoot ein mispss bos tetaw wollsds dosst of slds ssw on e102 


.ybugea aind prised pitevaiwe peea Yoh erew mexodeuM 


tesew pdciw botsiooras sotjyomonol Io mzest3sq isntonA 

2sw biad edt siiaW .xSsmmye otsi bas -bim ait bevesedo aew 

Otni tuo bextisw {iud to woo elpare 5 ypatilevets 20 pmibss? 

m6ped aedy ,yiteiad Boots .Baoq wolisde «s to elbbim ont 

beer srt pnivniii bis pnidesiqe Sas batatwe <bavoxs pablaidw 
yd bomtotiesq panied xwotvsisd eing bovagsdo I .nwob bas qu | 
eLoT .eemit Of alind tfubs yd Bas enotessso sexs ae ewes ( 

uoivesiod ysiq io antetisq sat oF srHeLimss yt elt twoiveded 


-(23@L ,1asn8sT) esviso xoAeum yd awode 


netw olqmsxo tot as ,wone gqssb ni vatilevexd aside 
40 3003 odd t6 tiixth self s paidmila xo foansds tsvix 6 paieeors 
“Baspex ,lsminas doses dtiw 5fit slpnite at bavom nexoxeum.,fLid ps 
BIaiIgqsoo? sAt mi Fool sioss pnatosia ,9P6 IO yee ,oske 36 easl 
8A58x9 at Bowollot astio moxotauM .lemines bsef oft yd obsm 


“Ee “ansmud yd ,a9@69 omo2 ai ,x0 abxuend aSsdzo yd obs 
- ia 7 “> -jae 





67 


legs were folded underneath, the forelegs were either folded 
backwards under the body or one was stretched out in front, 
and the head remained upright, with the muzzle near the 
ground (Figure 10). In the second rumination posture the 
head was lowered and stretched out in front, with the chin 
resting on the ground or a foreleg. In both positions, the 


fore-part of the body remained vertical. 


In other postures associated with rest, the chewing 
movements of sammie could not be seen. In the basic non- 
ruminating position, the sprawl, muskoxen lay on their side 
with the legs extended out from the body. The sprawl was 
often modified by leaning against a snow-drift in winter and 


by lying against a hummock or ice-mound in summer. 


During storms, muskoxen lay with their backs or sides 
to the wind. No evidence of huddling or standing in a group 
facing the wind was seen, even in winter storms. For example, 
on 9 February 1971, during winds of 24 knots (12.5m/sec) with 
blowing snow and temperatures of -27 F (-32.8 C), muskoxen 


continued to feed in the usual manner or remained lying down. 


Before rising from the sprawl position, muskoxen often 
rubbed the shoulder hump and back against the ground and rolled 


onto the back briefly, waving the legs in the air. 


Muskoxen usually assumed the upright rumination posi- 


tion briefly before rising. Normally, the hind legs were ex- 
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tended first followed by extension of the forelegs. However, 
as Tener (1965) has described, sometimes the muskox extended 
the forelegs first and remained in a Hea tting” POSitLon. for a 


short period of time before rising (Figure aba ly 


After rising, muskoxen stretched in the usual mam- 
malian fashion by extending the head and neck, straightening 
the legs and raising the shoulders. I have not seen musk- 
oxen extend and stretch the legs individually as has been 
reported for mountain goats (Oreamnos americanus) by DeBock 
(1970) and mountain sheep (Ovis) by Geist (1971). A yawn 


generally followed or accompanied the stretch. 


During the time of heavy shedding and after a rain 
or snow storm, muskoxen shook briefly after rising. The shak- 
ing movement started at the head and progressed down the body 


quickly. 


There was no special posture associated with defeca- 
tion and it was often difficult to ascertain when defecation 
had occurred. Muskoxen sometimes defecated while moving in 
winter, when the faeces are expelled in the form of compact 
pellets but in summer, they more often defecated while stand- 
ing. Muskoxen often rose and defecated during a resting- 
rumination period and usually defecated after rising, before 


beginning to feed. 


Urination usually accompanied defecation and thus 






J 
7 


7 » Lies : 
ie el 
83 un 


,tevewoi .speletoi sf% to nokunstxe yi bawolLo® texit bebaes i 
ae 
bshasixe xodaum ois zemistamoae vbsdiroesh asst (aes) Pia? ae. 85 




















6 102 Robt leoq “pindits ne? B ak bonismex bas gern apelstor en 
(LL owpil) pakeiz sseted omit to botaeg trode 


~mam lsuveu eds oi berotette mexedaum .pnielix 1rS6dtA ‘eas 
eainstdpisize ,Aven bas bes. odd paisinedxe ye noides} nsifsem 
~Xaun asse jon sved 1 .axebiwose ety pateket bane apel ort 
need ead a6 yileubivibat epef eft dosexde bas buedx$ exo 
Aooded yd (agnso litem SOaMESstO) etsop nisdavom 102 be x0qex 


i i + ww 


wey A .({V@l) tefed yd (sivO) qeede aistquom bas covery 


-dojs1se ef Bstasgqmooos zo Bswollo? yiteranee . 
aist 8 19336 bas paibberda yveed to emit oft patvwa’’ 19 
-tede off .pnteix 1etts ylisiad Aoone mexontaum ,ntrose wore to 


ybod sit awob beeestporq bas Beed add 46 best1ste Jasmsvom pat 


-ebtotup 


~soeteb djiw betstonzes e1pteog Isivege on new Sten?’ un kage 5 






AOLssoeteb nariw nis5s1e222 oF JShuDtIRib pesto leaw eg vine ae _ 

ab pnivom slinw bosscstsb asmisanoce MexoAeuM salina 

ParImeS 20 noted? At heliege ane eases? et pti 
- ~bte sliriw Toms ie netto ex0m re 2 Tommie or eta 


a : x, ~ . oie aot lee i } as% 








ct. eS 





Figure 10 Adult bull muskox in typical rumination 
posture. 





Figure 11 Adult bull muskox in "Sitting" position after 
rising from rumination position by straighten- 
ing forelegs. 
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often occurred at the end of the resting period. Urination 
was much easier to detect as there is a particular urination 
posture which differs between males and females. The female 
urination posture is characterized by a hunched back, hind- 
quarters depressed slightly and the hind legs slightly spread 
(Figure 12a). The male urination posture is similar to the 
stretch, which it often follows, except in that the position 


of the head is lower (Figure 12b). 


When muskoxen rose to nereen ee or urinate during a 
resting-rumination period, they often moved a short distance 
and spent a few minutes choosing a new location before lying 
down again. In four resting-rumination periods of herd 69-A-4, 
the total time the four animals spent in a standing position 


amounted to only 4% of the total period. 


When a cow or bull was visually investigating an un- 
familiar or new object such as a nearby herd, a wolf or a 
human, the head was raised to a position higher than at any 
other time except during a stretch. This "attention" posture 
was usually of a much longer duration than the stretch, the 
ears were directed forward and the nose was lifted frequently 
as the wind was tested for scent. A sudden lifting of the 
head occurred when the presence of a predator or human seemed 
to be first detected and may be considered an "alarm" reaction 


(Figure 13). 
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Figure 12 Muskox urination postures, A - adult female, 
B - adult male. 








Eirgqures | 3 Adult bull muskoxen with heads raised in 
the alarm position upon meeting the obser- 
ver at close range. 
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CG. Grooming 


Care of the body surface (grooming) was reduced in 
muskoxen compared to other ungulates. Excluding rubbing 
while in the sprawl position and shaking after rising, only 
26 observations of grooming behaviour were recorded during 
this study (Table 10). The most frequently observed groom- 
ing behaviour was rubbing the body against the substrate or 
other individuals. Scratching with the hind legs was ob- 
served only nine times and licking of the body surface was 
never observed. Most grooming occurred during the summer when 


the underwool was being shed. 
D. Drinking and Feeding 


Muskoxen were observed drinking water from ponds and 


shallow lakes on only nine occasions. 


The manner in which muskoxen feed and the plant species 
utilized have been described by Bruggemann (1953, 1954), Tener 
(1965) and Bos (1967) among others. Noteworthy is the con- 
tinuous movement and the fact that the head is held low to the 


ground even when the muskox is moving between feeding places. 


The action described by Tener (presumably for the 
mainland sub-species) in which the tongue is wrapped around 
the vegetation was not seen. Rather, the grasses and sedges 
were grazed by using the lower incisors against the upper 


pad and by pulling with the head. When feeding on the arctic 
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Table 10. Number and timing of observations of several types 
of rubbing actions (both grooming and non-grooming) 
in non-social situations (1968-1971) 
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Circumstances Grooming Non-grooming 
(No. of occurences) Rubbing 
cope ee eer a ek Sah lc ac aa ea ee 


Substrate Used: 


- snow 
- hummock 
- ground 
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- head 
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- preorbital gland 8 
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Timing: 
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- after rising 5 5 
- before lying down 7 4 
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15 
willows this pulling was quite distinctive. A repeated, sharp, 
upward movement was used to pull up and break off the outer 


twigs. 


In winter, several different patterns of removing the 
snow cover before feeding were seen. A light snow cover was 
removed from the vegetation by pushing with the nose. In 
deeper or harder snow, the forefeet were used. Right and left 
forefeet were used alternately and the pawing motion pushed 
the snow back and to one side. For example, on 18 November, 
1970, at. a temperature of ~10 F (-23.3 €C) -to -23 F (—30.6 C), 
a herd of five muskoxen were feeding in soft snow, about 23 cm 
deep with a light crust. An adult bull during a 20 minute 
period spent 18 minutes feeding in five feeding bouts. (mean = 
3.6 min). Overall, the number of pawing motions averaged 2.8 
per minute or 9.8 per feeding bout. The average number of 
pawing motions for each foreleg before alternating was 2.5, 
with feeding occurring before alternating. Between feeding 
bouts the muskox generally moved several meters to either 
undisturbed snow or an area already cratered during that or 
the previous day. A crust thick enough to support a man's 
weight (4 to 8 cm) was broken, once an edge had been esta- 
blished by pawing, by a lifting and dropping motion of the 
head. The impact of the chin on the crust broke free chunks 


of snow up to 1.8 m* in size. 
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E. Discussion - Maintenance Behaviour 


The method of locomotion used most often by muskoxen 
is a key part of the stolid, “phlegmatic" muskox way of life. 
The slow, stable walk is used while feeding and when moving 


through and between feeding areas. 


Harington (1961), presumably on the basis of his own 
observations, stated that muskoxen cannot trot. My own ob- 
servations support his conclusion but further analysis of 


muskox locomotory patterns is desirable. 


The frequency of the use of the gallop and the lack 
of the trot, make the muskox an obvious exception to the 
statement by Dagg and de Vos (1968) that animals with heavy 
antlers or horns use the symmetrical trot more frequently 
than the gallop. They pointed out that the center of gravity 
changes less radically in the trot and suggested that control 
of the heavy head is easier in the trot than in the gallop. 
They also suggested that galloping requires less energy for 
moderate-sized animals than for heavy ones, mainly because 
all of the animal's weight must be launched into a period of 
suspension from one foot. The absence of trotting in muskoxen 
may be partially due to the nature of the ground surface. 
Small hummocks, frost cracks, patterned ground and felsenmeer 
would all tend to discourage use of a symmetrical gait such as 
the trot, as would the great variability of snow conditions in 


winter. 
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Pedersen (1958) reported that te cexen assume a 
tightly-grouped position during winter storms with adult 
bulls forming the apex of a wedge facing the wind. In this 
way, he suggested, calves are protected by the wall of 
bodies. However, I find his interpretation questionable 
and suggest that if he was close enough to see the herds 
under such stormy conditions, he may well have been the cause 
of the grouping. My own observations of muskoxen in storms 
suggest that a resting position is probably more effective 
in preventing heat loss than standing in a group. The wind 
would certainly blow through the herd at ground level and 
affect the shorter calves even in a very tight group. The 
relatively poorly insulated legs are protected while lying 
down and presumably calves could lie in the lee of the mother 


for adequate protection. 


There are reports in the literature (see Hone, 1934, 
Harington 1961) of muskox "Sentries" standing on the lookout 
while the herd rests. The basis of these reports is very 
likely a muskox rising to defecate and urinate during a rest- 
ing period. Such an animal, especially a bull in the urina- 
tion posture, could easily give the impression of a watchful 


sentry to someone observing a herd for a short period of time. 


The very noticeable lack of grooming behaviour in 
muskoxen is probably related to the lack of external parasites. 


Tener (1965) reported no external parasites and my own obser- 
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vations of several living (drugged) animals and fresh (wolf- 
killed) carcasses have confirmed this (Samuel and Gray, in 
prep.). Hence, the only "foreign" matter to be groomed from 
the coat is the wool shed each summer, along with bits of 


plant material caught in the wool. 


The very limited number of observations of muskoxen 
drinking free water suggests that in summer, enough moisture 
is obtained when feeding in wet areas and from the vegetation 
itself, and in winter by ingesting snow along with the plant 


material. 


The pawing of feeding craters is a stereotyped and 
repetitive motion. However, this stereotypy and repetitive 
nature are not sufficient to fulfill the criteria of a con- 
summatory act as Pruitt (1969) has suggested for such pawing 
in caribou. Pawing in muskoxen and probably in Caribou, also 
is only stereotyped in that for a given snow cover, a certain 
method of pawing is likely the most effective way of clearing 
snow from the vegetation. As long as it is effective, there 


is no reason to expect variability. 


This method of feeding in which craters are dug in 
the snow is of great importance in relation to social behaviour 


as will be discussed in the following section. 
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IV. SOCIAL BEHAVIOUR 
A. Agonistic Behaviour 


Under the heading "agonistic behaviour," I refer to 
any behaviour that i5 connected with a contest or conflict 
between two animals (after Scott, 1958). The following 
behaviour patterns were performed by muskoxen in agonistic 


interactions. 
1. Description of Behaviour Patterns 


Displacement from feeding crater (D). Displacements 
generally occurred while herds were feeding in snow and con- 
sisted of one animal walking towards another and displacing it 
from a feeding crater. Usually, the displacer approached from 
behind and no actual contact was made. The displaced animal 


normally walked ahead but occasionally ran for a short distance. 


Butting (B). After displacements, butting was the most 
common of the agonistic social interactions. In butting, one 
bull approached another usually with a short run or at a walk 
from a short distance and delivered a blow with the horn base 
upon the horn boss of the opponent. There may be an obvious 
initiator or both interactants may move simultaneously. After 
contact, pushing or rocking back and forth, with horn bosses 


together may occur (Figure 14). 


Charging (C). Charging is very similar to butting 


and my division between them is an arbitrary one based on the 
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Figure 14 Two adult bull muskoxen pushing head-to- 
head after a butting interaction. 





Figure 15 Subadult bull muskox charging a dominant 
adult bull. (A) Subordinate bull (left) begins 
charge as dominant bull still feeding, (B) 
Subordinate bull charges as dominant bull lifts 
head, and (C) Subordinate bull jumps back quick- 


ly after impact. 
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distance the initiator runs before impact. If one of the 
two bulls galloped for 9 m or more before colliding head-on 
with the other, the interaction was considered a charge 
rather than a butt (Figure 15). Simultaneous charges by 
both interactants were rare. Only in clash-type interactions 


did more than one charge occur in sequence. 


Head-up (H-up). In the head-up posture the muskox 
stood with the head raised, facing the individual with which 
he was interacting (Figure 16). This posture was also seen 
in male-female courtship interactions and I distinguish it 
from the attention posture only through the circumstances in 


which it was performed. 


Rubbing (R). Rubbing refers to a behaviour shown by 
both cows and bulls in which the preorbital gland and surround- 
ing area of the head were rubbed against the substrate, i.e., 


rocks, small hummocks, or hard-crusted snowdrifts. 


Gland-rubbing (G.R.) In gland-rubbing behaviour, a 
cow or bull extended one foreleg in front of the other, placed 
the preorbital gland against the inside of the leg and rubbed 
the head up and down against the leg (Figure 17). The up and 
down rubbing motion was usually repeated two or three times, 
then that foreleg was retracted and the other extended and the 
rubbing repeated on the other leg. Examination of slow motion 


16 mm film shows that the rubbing action was slowest and most 
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Adult bull muskox in the head-up position. 





Figure 7 


Adult bull muskox gland-rubbing. 
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forceful at the point where the gland itself was against the 
leg. The movement of the head pushed the foreleg down so that 
only the back of the hoof and the dew-claws rested on the 
ground. The motion was speeded up and the pressure decreased 


as the lower part of the face was rubbed against the leg. 


Horning (H). During some agonistic encounters, bulls 
rubbed the horn bosses against the ground and vigorously dug 
at and tore into the ground, sides of hummocks or gullies with 


the horn tips (Figure 18). 


Pawing (P). A brief pawing motion of the foreleg, 
with scraping of the ground, occurred in a few interactions. 


Digging of pits in the soil (Tener 1961, 1965) was not seen. 


Head-Tilt (H.T.) The head-tilt is a broad display 
in which one bull moves in front of and around another in a 
slow, stiff-legged walk. The head was tilted so that the nose 
was held away from recipient and the horn boss was directed 
towards him. The mane appeared to be erected and the motion 
of the displaying bull was such that he moved almost sideways, 
with the shoulder leading as he circled around another indivi- 


dual (Figure 19). 


Parallel Walk. If two interacting bulls performed 
the head-tilt display simultaneously, circling no longer 


occurred and the two walked parallel to each other and in the 
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Adult bull muskox (A) and subadult bull muskox 


Figure 18 
(B) horning the ground. 


Adult bull horning the ground, using the 


A. 
tips Of the horn) to dig atethe flat 
surface, 
B. Subadult bull (left) rubs the face and 


boss of the horns against the ground and, 
while rubbing and gland-rubbing, catches 
his horn behind his foreleg (right). 
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Figure 19 The head-tilt display. 


A. - dominant bull head-tilting to subordinate 
bull (in foreground) , 


B. - dominant bull gland-rubbing after head- 
tilting around the subordinate, in 
foreground (same interaction as A), 


C. - adult bull head-tilting to other adult 
in head-up position (right). 
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same direction, with the same slow exaggerated movements. 


Clash (C1) and Headswinging (H.S.). The clash seems 
to be a further devélopment of the patterns of butting and 
charging: In all clashes, both bulls charged forward ata 
gallop and met with the full impact on the horn bosses (Figure 
20). The clashing was usually preceded by gland-rubbing, head- 
tilting or other agonistic behaviour patterns. Before each 
charge of the clash, both bulls backed up slowly, swinging 
their heads back and forth in a deep, wagging motion with the 
hedd held up slightly and the muzzle tucked in toward the 
chest (H.S.). The headswings were in time with the footfall 
pattern. After several charges, the bulls may engage in a 


head to head pushing contest. 
2. Intraspecific agonistic behaviour 
a. Behaviour within herds 


The overall frequency of interactions between members 
of a herd of muskoxen was comparatively low. During most of 
the feeding period and all of the resting-rumination period, 
few overt interactions were recorded. The exception to this 
was when the ground was snow-covered and displacement-type 


interactions became frequent (Table 11). 


Displacement interactions recorded during this study 
indicated that adult bulls displaced cows and cows never dis- 


placed adult bulls, adult bulls displaced subadult bulls, and 
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Figure 20 


A clash between two adult bull muskoxen from 
the same herd, 12 July 1968. 


Two adult bulls horning ground; adult cow 
(right) and other adult bull (foreground) 
watching, 


The two bulls begin backing up and head- 
swinging, 


The bull on the left stops, the other 
continues to back up, 


The bull on the right begins the charge, 


Both bulls charging forward, 


After impact both bulls push head-to-head, 


The bull on the right pushes the other 
steadily backwards. The cow runs towards 
the combatants, 


The bull on the left runs away, the cow 
approaches the other bull and the third 
bull remains standing but looks away. 
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Table 11. Numbers of displacements from feeding craters 
recorded for two muskox herds in the period 
May to August 1968. 


cS 


Month Herds Total NO. Gledays ) 
Displacements Observations 

bre Senha deal otc nny ea ec eal ae oo a 
May 68-A-11 79 5 

June 68-A-7, 68-B-5 74 19 

July 68-A-7, 68-B-5 Paib 16 
August 68-B-6, 68-B-7 3 
De ee ee ee SE ree 
* "day" = approximately 3 hours observations 


during feeding activity. 
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92 
subadult bulls could displace cows ahd vice versa {Tables 12 


to- 25) ; 


Frequently when one muskox displaced another, the 
individual displaced, in turn displaced a third animal. These 
chain-reaction type interactions involved up to five displace- 
ments and in each case, the animals toward the end of the 
"chain" never displaced those involved earlier in the same 
chain. These observations suggested that displacement de- 
pended not only on the social class of the individual but also 
on its social "Status" within that class. Also, different in- 
dividuals which appeared to be in the same social class (1.22) 
adult bulls) reacted in different ways to certain other be- 
haviour patterns performed by another individual of the same 


class. 


Analysis of displacements recorded for a particular 
herd showed that the number of times an individual was dis- 
placed was not due to chance but was related to the number of 
individuals in that herd belonging to each of the social 
classes. For example in analyzing the displacement interac- 
tions of herd 69-B-9, if it is assumed that social class does 
not affect the frequency of displacements, the expected num- 
bers of displacements are significantly different from the 
observed for adult muskoxen (Table 13a). If, however, it is 
assumed that social class does affect frequency of displacements, 


then the expected and observed numbers of interactions are not 
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a5 
Significantly different for adults (Table 13b). 


(i) The Dominance Hierarchy. The first opportunity to deter- 
mine how the observed differences in reaction and fre- 
quency of interactions between and among social classes might 
be related to a social dominance system came when the indivi- 
duals in herd 68-A-7 began shedding their wool. The different 
shedding patterns provided a reference point for distinguishing 
individual differences in the shape and size of the horns, per- 


mitting individual. recognition. of all. five-bulls. 


Unfortunately, this herd remained in the study area 
only one week and the recorded number of interactions between 
known individuals was therefore very small (Table 14), but 


did indicate a linear dominance system among the bulls. 


A second and more productive opportunity to investi- 
gate the social dominance structure came in 1969 when herd 
69-A-4 (3 bulls, 1 cow) was observed for 205 hours during May, 


June and July. 


Because the four individuals in this herd could be 
identified easily and because the herd was accessible for such 
a long period of time, conditions were almost ideal for deter- 
mining the presence or absence of a dominance hierarchy and 


its nature, if one were present. 


The three types of interactions I used initially in 
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Table 14, The dominance hierarchy in Herd 68-A-7 
(5 buils, 2 cows) in June, 1968. 


CB TB BL FB DC WC YB TOTAL 
CB dominates = 0 3 1 1 Jk 0 6 
TB dominates = AL 1 1 0 $/ 
BL dominates = AL 0 0 2 3 
FB dominates ~ 0 ih i 2 
DC dominates a 0 Ak 1 
WC dominates - an L 
YB* dominates 1 = ak 


* YB - subadult bull 


Table 15. The dominance hierarchy in Herd 69-A-4 during the 
summer of 1969. 


(a) Dominance based on 241 displacements. 


LB 2B 1B Cc TOTAL 
LB displaces = 42 2) 30 oe 
2B displaces 0 = 29 63 92 
1B displaces 0 i = 55 56 
C displaces 0 0 = 0 


(b) Dominance based on butting, charging and displacements. 
(281 interactions) 


LB 2B 1B S TOTAL 
LB dominates - 49 23 30 102 
2B dominates 0 = 56 63 af ih) 
1B dominates 0 5 = 55 60 
C dominates 0 0 = 0 
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determining the dominance sistem were displacements, butting 
and charging. For 241 displacement interactions, LB was the 
displacing animal in 100% of 93 interactions, 2B in €8% of 
135 interactions and 1B in 53% of 106, whereas the cow was 
displaced in all 148 interactions in which she was involved 


(Table 15). 


In determining dominance from butting and charging 
interactions, if a muskox ran from an encounter or turned 
aside quickly, I interpreted this as a "loss." A "win" was 
awarded to an animal that stood while the other ran or that 
turned aside slowly and began moving or feeding in the usual 
manner. The outcome was tabulated as inconclusive Tif. atcer 
the interaction, both animals moved away simultaneously or 


if both stood and began feeding. 


When all three types of interactions were considered 
(Table 16), LB "won" 100% of those interactions (with a known 
outcome) in which he was involved. The bulls 2B and 1B "won" 
68.9% and 43.2% respectively. The cow "lost" all interactions 
ane tOOkypart.in. ,.t Only the interactions between the three 
bulls are considered’ and inconclusive and unknown results are 
included in the total interactions for each bull (Table 16), 
the percentage of "wins" for LB is 93.5%; for 2B, 40.9%; and 
for 1B, 4.5%. The greatest number of inconclusive results 


occurred between 2B and 1B (by. 72 
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Although I have used only three Bere diouan patterns in 
determining the social dominance structure in a particular 
muskox herd, other agonistic behaviour patterns are very 
closely related to this dominance structure. The following 
sections deal with all of these patterns as they relate to 


social behaviour and the social structure of a herd. 


Displacements. During certain observation periods, 
as well as recording the number and frequency of displacements 
and the individual involved, I also recorded whether or not 
the displacing muskox used the crater already dug, and whether 
the displaced muskox moved to a new area or returned to an 
area previously cratered (Table 12). During snowy or fogsy 
weather and when the snow cover was soft or shallow it was 
difficult to see what each animal did during a displacing 
action. Therefore, many displacements were recorded without 
all the above information on use of old or new craters. The 
number of displacing actions decreased rapidly as the muskoxen 
began feeding in snow-free areas in late May and early June. 
Also, during the period of September-October, when the snow 
cover was light, very few displacements occurred. The total 
observation time per month varied and observations on several 


different herds were included. 


Bulls displaced cows in 44% and other bu lil svat 2% of 


the total displacements (Table 12). The displacing muskox used 


the vacated crater in 61% of the known interactions (n = 449). 
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When only bull-bull interactions (n = 130) are considered, 
the feeding crater is used by the displacing bull only 44% 
of the time. Displaced muskoxen moved to a new area in 70% 
of the interactions (n = 278) and returned to a previously 
cratered area 30% of the time. (Here, “previously cratered" 
refers to the same day or the preceding day only.) In bull- 
bull interactions only (n = 80), a new area was used 55% of 


the time. 


Butting and Charging. The following analysis of 
butting and charging between bulls excludes those interactions 
recorded during or immediately after a disturbance or union 
of two herds, during a more prolonged and intensive interaction 
(such as those including head-tilt displays or clashing) and 


the interactions between the three bulls of herd 69-A-4, 


In 83 interactions, 82 butts were recorded. In 15 
interactions, both butts and charges occurred and in 5, only 
charges occurred. For 14 charges the initiator of both the 
charge and the whole interaction were known. In 9 of these 
14 charges, the original initiator of the interaction initiated 
the charge; in 2, the original recipient initiated the charge; 
and, in 3, both charged simultaneously. The initaator won 21 
of 32 charges for which a winner was determined. In these 
short interactions, never more than 2 charges or 3 butts 
occurred per interaction. The occurrence of associated be- 


haviour patterns, such as rubbing, pawing and horning, was low 
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and could not be associated with known relative dominance. 
The Sequence of events was quite variable with no one sequen- 


tial pattern occurring more frequently than any other. 


Scent-marking. The use of a specialized motor pattern 
to deposit chemical signals originating in urine, faeces, or 
cutaneous scent glands on objects in the environment or on 
other animals of the same species is termed scent-marking 
(Ralls, 1971). I consider also the pattern of depositing 
scent on part of the animal itself (as is the case for musk- 


oxen) to be a type of scent-marking. 


The patterns of rubbing and gland-rubbing are essen- 
tially the same motor pattern and were often seen in close 
temporal proximity. Rubbing and gland-rubbing were observed 
in many different circumstances, most of which could be con- 
sidered to have an "aggressive" element. They occurred as the 
major single component of bull-bull interactions (Table 17), 
as a component of within-herd interactions involving head-tilt 
and other displays, as part of display encounters between bulls 
from different herds and one or the other occurred in virtually 
all instances where herds or solitary animals were disturbed by 
man, noise, machines or by other species. In other cases, 
these two patterns appeared directly before or after resting 


periods (Table 10). 


Although many cases of rubbing occurred in non-encounter 
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Table 17. Interactions between bulls in which gland- 
rubbing (by only one of the bulls) was the 
major component. 





Initiator Recipient 





Encounters with: 





Gland-rubbing 6 0 
Rubbing 3) ii 
Horning il 15 
Pawing if 1 
Facing other 
Ignoring other 0 0 
Watching other, 

head-up 0 2 

Encounter ending 

with: 
One departing 

quickly 0 4. 


Charge or Clash 0 0 
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situations and were not associated with any of the agonistic 
patterns to any high degree, in some instances, scent-marking 
or rubbing the preorbital gland on a specific object of the 
substrate was followed by scent-marking by a second individual 
from the same herd on the exact location of the first. Both 
horning and gland-rubbing accompanied many of these bouts of 


rubbing. 


Twenty-seven bouts of this type of marking were ob- 
served, 12 of these being the original marking by the first 
animal and 15 the marking of the second, third or fourth 
muskox. Eight bouts involved only two muskoxen, two involved 
three and two involved four animals marking the same location 


in turn (Table 18). 


DE 2 original rubbing bouts, 9 initiated an inter-= 
action (i.e., no behaviour pattern other than "normal" walking 
or feeding was noticed prior to the rubbing), 2 followed gland- 
rubbing and 1 followed a butt. In 15 cases of a second animal 
marking a previously marked location, 5 followed the previous 
scent-marking directly, 5 followed horning by the previous mar- 
ker (with all 5 horning bouts following the preceding marking 
directly), 3 followed gland-rubbing by the previous marker and 


1 each followed a butt and gland-rubbing by the second animal. 


Of 12 cases in which the relative social status (social 


class or dominance rank within a class) of the interactants was 
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Table 18. The sequence of behaviour patterns shown in 


scent-marking interactions involving more 
than one animal marking the same location 





Individual Object Other Behaviours 
Involved* Rubbed Shown** 


Snow seeaummocksmGroundes G. Rinne awe HOGn oe -bUtt..9 H:T. 








Bp = Bull, Cc = Cow; ..B = Subadult Bull are 
4k00G R= Gland=rubbing, H.T. = Head=tiiting 
*kk Numbers indicate sequence of patterns. 
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known, the dominant animal marked first in 1l. Gland-rubbing 
accompanied 12 of 27 individual marking or rubbing bouts, 


pawing accompanied 4, and horning 1l. 


In two of the above interactions the involvement of 
olfaction is additionally demonstrated by the observation of 
a second animal sniffing at the object marked by the first 
and by another observation of a second animal turning abrupt- 
ly from his direction of movement to approach the marked 


location. 


Two additional examples of situations in which 
several individuals scent-marked the same location are dis- 


cussed under behaviour between herds. 


Mutual rubbing of preorbital glands by two indivi- 
duels was rare. On 17 May 1970, a subadult bull moved up to 
a mature bull, thew butted together gently then rubbed each 
other's muzzles. The mature bull turned away from the younger. 
On another occasion (herd 68-A-7), the dominant bull TB head- 
tilted to BL, gland-rubbed, then BL moved forward to butt with 
TB. Then BIL rubbed his muzzle against the area of TB's pre- 
orbital gland. After head swinging briefly, BL backed off and 


moved away. 


Pawing. Pawing was observed in both agonistic encoun- 


ters and in what might be considered as ineffective "bedding" 
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activities preceding lying down. Pawing in aggressive en- 
counters (Tables 17 and 18) was closely related temporally 
to patterns such as horning and gland-rubbing and may be 
related to the digging of shallow pits in the soil reported 


by Tener (1965). 


I saw only two pits in the soil in 1968, both of 
which appeared to have been dug the previous summer. The 
only "pit"-digging behaviour I observed occurred on 20 Sep- 
tember, 1971. An adult bull (Bl) in a herd of 23, was re- 
peatedly sniffing and following cows. As a second bull (B2) 
approached, Bl began rubbing against the ground. After head- 
tilting, gland-rubbing, rubbing and horning near Bl and the 
cow, B2 pawed three times with the left foreleg then rubbed 
his muzzle and horns in the hole pawed through the snow. 
Both bulls rubbed vigorously, then Bl watched as B2 head- 
tilted around him again. After B2's second bout of gland- 
rubbing, Bl turned and moved away. AdgainwB2 dugea spit. in 
the snow and rubbed his muzzle and preorbital area against 


the sides of the hole for about three minutes. 


Horning. Horning was never seen isolated from the 
patterns previously discussed. It usually occurred in agonis- 
tic encounters between bulls (Tables 17, 18) and in situations 


of disturbance. 


Head-tilting. Seventy-four head-tilt displays occurred 
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in interactions between bulls of the same herd (Table 19). 
Only one instance of a cow performing the head-tilt display 
ae recorded. In all of an ee interactions, 
only the initiator of the interaction performed the display. 
In 42% of the 74 interactions the recipient bull assumed 
the hese position and watched the displaying bull. In 
23% the recipient ran or walked away quickly (i.e., showed 
"Submissive" or "inferiority" behaviour), in 17% he butted 
or charged the other and in 10% appeared to ignore the dis- 


playing bull. In 6% of the interactions the displaying bull 


later butted or charged the recipient. 


Rubbing, gland-rubbing, horning and pawing occurred 
along with the head-tilt in some instances and the majority 
of these additional behaviour patterns were performed by the 
displaying muskox. None of the 74 interactions resulted in 


clashing. 


On two occasions a head-tilt display was performed 
by the herd's dominant bull and directed at a subordinate 
bull immediately after the subordinate had been sniffing or 


had attempted to mount a female (Figure 21). 


Clashing. I observed clashing only four times during 
this study. Only one clash occurred between bulls of the same 
herd (12 July 1968). Of the others, one involved the dominant 


bulls of two herds which eventually joined (31 August 1971 - 
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Figure 21 Head-tilt display performed by a dominant 
; bull following an attempted mounting of a 
cow by a subordinate bull. 


A. The herd stands facing towards the observer, 


B. An adult bull rushes an adult cow, rises 
onto his hind legs and briefly mounts the 
cow, 


C. The dominant bull (far right) begins a 
head-tilting display after the cow moves 
away from the other bull (left), 


D. The dominant bull continues the head-tilt 
display and circles around in front of the 
Watchingmpuli. 
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this clash is described in detail in a later section), and 
two involved bulls from two herds which remained separate 


eptemetnesclashiy(2 August, 1968, 21] August, 1969). 


In the clash between bulls from the same herd, the 
dominant bull of the herd appeared to "win." After three 
charges, he successfully pushed the other bull backwards 
until the other broke away and ran off. A cow which had been 
feeding with the dominant bull before the clash, ran behind 
him in the last of the three charges (Figure 20). The herd 
moved off together soon after the clash, with several butting 


interactions occurring among the bulls. 


In all clashes, the head-tilt and gland-rubbing displays 
preceded backing up (with head-swinging) and charging. Head- 
to-head pushing followed the charges and sideways jabbing or 


hooking with the horns occurred twice. 


P. Taylor (pers. comm.) observed a dominant bull 
chasing and repeatedly hooking another bull that was attempt- 
ing to rejoin the herd after becoming aware of the observer's 
presence (21 August 1971). The dominant bull had originally 
attacked the other following his own active courtship of 
several cows. The hooked bull's hind legs were red with blood 


and he limped noticeably following the encounter. 


(ii) Initiation of Interactions. Because subtle motions such as 


movement of the ears and eyes ("accessory co-ordinations," 
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Tembrock 1963, Walther, in press) could not usually be detected 
due to the distance between observer and muskox, the first 
muskox to make an obvious movement (or "major co-ordination") 
which could be considered part of an interaction, was con- 


Sidered to be the initiator of that interaction. 


In herd 69-A-4, considering displacement interactions 
among the bulls only, the dominant muskox was the initiator 
Pie eo be Ole oo, Interactions (Table 20). in the case of butts 
and charges the dominant muskox initiated 53.9% of 39 inter- 
actions and 30% of 10 interactions respectively. In simple 
butting and charging interactions (excluding herd 69-A-4) 
where the dominance relationship between interactants was 
known, the subordinate initiated seven and won none of the 


interactions, and the dominant initiated two and won five. 


In a 60-minute butting “session” among the four bulls 
of herd 68-C-4, just after the fourth bull joined the original 
three, 34.6% of the recorded butts (n = DG ee ied a sub- 
adult bull. This subadult (and subordinate) bull initiated 
11.5% of the butts and a mature bull initiated 7.7%. I could 


not determine the initiator in the remaining interactions. 


Only 1 outact #4, one-sided headatilt displays recorded 
was performed by a’ clearly subordinate bull. However, of the 
"aggressive"-type responses following the display, 17% were 


initiated by the recipient and only 6% by the performer. 
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Table 20. Interactions between the bulls LB, 2B and 1B 
of Herd 69-A-4 showing initiator and winner. 





LB Initiated: 42 displacements with 2B and won 42 
DD 1 W we 1B 1] w 2 1 
3 butts . 2B =! “ 
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0 charges ) 2B 
@ iT] 1B Ui ve 
2B ;initiated: 0 displacements with LB and won 0 
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A. butt q IE By , 
if 6 1] oe 1 B u i] 2. 5 
3 charges ~ LB. ey - 
ut 1] 1B "w ve 
IB™iniretated: 0 displacements with LB and won 0 
it] i 2 B iL iL 
0 butts i] LB 1] w 
L 4 iT) iT} 2 B wv i] 
0 charges 2 LB es q 0 
iy iT] 2 B w Li] 


Eif 













je 


i. fae 


Lae 
aI Bas af ,ad @bfvd “buot fe .os oldst 
.weontw bab tossistar 7 otto See mh tte ros 





Sh aow bas &&$ dtiw etusmensiqeth S& :BbetsistinI ad 
{cs Sa . £$ 
ea 
e 7 * ( , etsud £ 
ce a : g 
i 
S$ 7 "as ¢ espisds 0 
Gis 0 Bee : 0 
0 now bas dd dtiw staonssélaqeth 0 - sbostsisial as - 
<C) * Ye Tek i‘ ad es 
) 7 eee La . 33ud { a] 
et | ee ’ at 
: "  -€d a aSpi6iip E 
- ee Any ee " £ - 
; aay 
0 mow bas adi ditw atnemeosiaqalkb 0 shoteitinl & 
.) 8. eee ‘ 0 
7 ; ae 


estud 
uv 


114 


(iii) “Characteristics of the Dominant Bull. It is not too 
difficult for an observer to pick out the dominant bull 
in most muskox herds through the behaviour of the bull and the 
reactions of the other herd members. Most dominant bulls were 
among the largest bulls of the herd and had the large, dark- 
coloured, cracked horns, which may be characteristic of older 
animals (Tener, 1965), plus relatively large amounts of unshed 


wool clinging to the mane and rear "skirts." 


When a dominant bull walked through a herd, subordinate 
bulls, especially subadults, moved quickly out of his way and 
stood watching with heads raised. When subordinates were dis- 
placed from very close range, they usually ran from the domi- 
Hane bull with heads held “high, turning from side to Side £0 
keep the dominant bull in sight. The dominant bull was often 
the last member of the herd to respond to an object or animal 
approaching from a distance and the first to "relax" when the 
object had passed (Figure 22). In several cases when a rest- 
ing herd was disturbed by a distant object or animal, the 


dominant bull did not rise and group with the others. 


On the other hand, when a herd was approached very 
closely, the dominant bull was most active in gland-rubbing 
and pawing and moved through the herd, butting other bulls 


out of his path, keeping close to the source of the disturbance. 


Limited observations of an all-cow herd (69-D-10) 
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Figure 22 Behaviour of a herd of seven muskoxen follow- 
ing disturbance by a low-flying Otter aircraft, 
16 June 1968. 


A. Herd tightly grouped at approach of aircraft, 
time: 1440 C.D.T., 


B. Aircraft overhead for second and final pass, 
time: 1445, 


C. Dominant bull, "LB," horning ground, time: 
1450, 


D. One adult bull feeding, dominant bull lying 
down, time: 1451, 


E. Two adults and subadult bull feeding, domi- 
nant bull and one other lying down, time: 
1454, 


F. Four muskoxen feeding, three lying down, 
time: 1455. 
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nity 


showed that the dominant cow had some of the same behavioural 
characteristics as the dominant bull of a mixed herd. In 
herd 69-D-10, a large, very light-coloured cow dominated 
others in the few displacement-type interactions recorded, 
was the last to rise at the approach of humans and responded 
to our presence with very vigorous gland-rubbing. When the 
herd stampeded with one cow successfully maaan the dominant 
cow fell far behind the others. When they stopped running 
and grouped, she did not approach them but kept galloping 
along in a direction parallel to their course. The herd then 
ran towards her and followed her into the hills. When the 
same herd reappeared 11 days later, the same golden-coloured 


cow led the herd down out of the hills. 


(iv) Male-Female Agonistic Interactions. Of the agonistic 
patterns described above, only displacements and rubbing 
or gland-rubbing in non-social or interspecific situations 
were performed by females. A few instances of unusual and in 
regular sequences of behaviour were the only exceptions. For 
example, on 25 July 1969, a cow left her herd and walked from 
the marshy area in which they were feeding up onto a Snowbank. 
For the next five minutes, she performed, in the absence Oba 
"partner," all of the patterns seen previously only in clashes 
between males, i.e., backing up, headswinging and charging. 
In addition, she gland-rubbed, leaped about tossing her head, 
ran up and down the snowbank and leaped backwards up the snow- 


bank. The patterns were not performed in any sequence and 
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were interrupted by short periods of standing quietly. 
Another example of females performing agonistic patterns 
occurred on 27 May 1970. During an hour at midday, the 
members of a herd of seven (four bulls, three cows) engaged 
Mielovequlare and incomplete butting, charging, clashing, or 
chasing encounters involving male-female pairs, three bulls 


and on two occasions, most: of the herd. 
b. Behaviour between Herds 


The behaviour of individual bulls, especially the 
dominant bulls, during encounters between herds provided 
additional information relating to the function of several 


agonistic behaviour patterns. 


The following examples of inter-herd interactions 
are divided into three main categories based on intensity 


and kind of the interactions between herd members. 


(ios Two herds. approach but dosnot.j0in. gOne!lyJune;enerd 
68-A-11 moved over a hill and down onto a flat marshy 
area in which a herd of 5 were feeding. The 11 moved down 
the slope hesitantly, bunching, then running briefly. One 
bull began rubbing his horns and face against a hard snow- 
drift, a second bull smelled then rubbed the same place, 
while a third bull gland-rubbed beside him. This bull gland- 
rubbed vigorously, then rubbed a patch of bare ground. As 


the herd continued down the slope, two bulls butted briefly. 
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In the herd of 5, one bull gland-rubbed and moved across the 
path of the 11 (now about 200 m distant) in a broadside dis- 
play. When the herds were about 100 m apart, a bull of the 
five began rubbing against a snow-drifted rock. When he 
moved, a second bull pawed at the same place, sniffed, gland- 
rubbed, turned and butted a third bull standing behind him. 
The third bull moved up, sniffed, rubbed, and pawed at the 
place, gland-rubbed, then rubbed his muzzle across the rock 
and snow, one side then the other. The herd of 11 kept moving, 
parallel to the 5 (also moving). Two bulls of the 5 again 
butted, another rubbed against a patch of grourd, the 11 ran 


briefly and the herds slowly separated while all animals fed. 


On 8 August 1969, a herd of four bulls approached a 
resting, mixed herd of five. Two of the four stopped and 
watched the five with heads raised. One bull of the five rose 
and began feeding. The four continued to feed within 50 m 
of the five. As the others of the five rose, the four bulls 
looked at them briefly, then two of the four lay down. The 
five gradually moved away, feeding, as the four began a rest- 


ing period. 


(ii) An individual leaves one herd and joins another. On 27 
July, a cow walked away from herd 68-D-3 towards herd 

68-B-5. As she approached, three of the five stopped feeding 

and watched her. She then stopped, fed briefly and stood, 


with head up, within 20 m of the herd. The herd moved towards 
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her and a subadult bull gldnd-rubbed twice. She remained 
standing as a second bull gland-rubbed while the first walked 
in front of her, presenting his broadside. A third bull, the 
dominant bull, approached her, and moved up beside as she 
moved sideways. waar she moved again, the bull followed, 
sniffed her rear twice, then lip-curled. He moved up and 
sniffed again, then moved to the side and all animals resumed 


feeding. 


(iia) two herds join; with little or no interaction., One 
herd of nine approached another resting herd of nine 
(both herds had five bulls and four cows) on 5 July 1969. As 
two bulls of the approaching herd neared the other, one bull 
got up and stood looking at them with head raised. As he 
gland-rubbed and did a head-tilt display toward the two, one 
of them watched, head up and the other began feeding. All 
feaebii eid yqPithenMalt) three: lay" down.*"One cow of” the” approach- 
“tne herd joined two cows of the second herd, then all animals 


began feeding and the herds mixed. 


Two herds join; after the lead bull of one herd inter- 

acts with members of the other herd. The dominant (and 
only bull of herd 71-A-6 moved out to meet an approaching herd 
of eight bulls on 30 September during a moderate snow storm. 
As he moved forward, he gland-rubbed several times, then began 
head-tilting. The first four head-tilt displays were directed 


at the first six bulls of the other herd, all of which responded 
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by standing with heads up and watching him. He then moved 
back through the herd, butted with one, approéched, head- 
tilted to, then butted with a second while two others also 
butted together. The fifth and sixth head-tilts were accom- 
panied by gland-rubbing and were directed at one bull of the 
eight. The dominant bull rubbed on a snow-drift and turned 
away to head-tilt towards another bull. The recipient of 
the sixth head-tilt rubbed on the same snow-drift after the 
dominant bull had left. Two of the eight bulls butted twice 
while the others began feeding near the five cows which had 
remained lying down during the interaction. All animals 


then began feeding. 


A herd of 11 galloped in a tight group towards a herd 
of 20 feeding about 1 km away on 17 October, 1970. The herd 
of 20 grouped and ran a short distance away, then stopped and 
faced the approaching herd. The dominant bull of the 20 
moved forward and faced, sniffed and circled the leading in- 
dividuals of the 11 before the herds mingled. I was not able 


to determine which was the dominant bull of the herd of ll. 


Two herds join; after the dominant bulls of both herds 
interact. The following account of a clash between 
the lead bulls of herds 70-B-7 and 70-D-5 is presented here 
in detail because this interaction contained all of the pre- 


viously described patterns of agonistic behaviour. 
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The interaction occurred on 31 August 1970 and lasted 
fromei2507to 1515 ¢.D.Ts At®1215 the dominant bull of herd’7 
(=LB) began moving towards herd 5. Four muskoxen in the other 
herd stood, heads up, watching the approach. The dominant 
bull of herd 5 (=5B) began strutting, pawing and rubbing at 
1255. Another mature bull of the 5 rubbed at the same loca- 
fioneasese avd yeand=5Bb, tacing-herd® 7; "gland=rubbed*once, 

At 1300 LB began pawing and rubbing also. During the bouts 
of rubbing each bull shook his head vigorously once. Both 
horned the snow-covered ground then walked parallel to each 
other in a low intensity head-tilt display. At 1305 two cows 
from herd 5 rubbed on the same place previously rubbed by 5B 
and the other bull. While 5B continued rubbing, LB walked, 
then ran, towards herd 7. As he reached his grouped herd, 
the bulls stood watching him in the head-up position and the 
cows ran away from him. Then 5B approached LB, both walked 
parallel, gland~rubbed and walked back in the opposite direc- 
tion, head-tilting. Two cows of herd 5 walked along close 


behind 5B and six of herd 7 followed about 12 m behind LB. 


At 1336, 5B again began rubbing vigorously. As LB 
moved towards him, several cows ran out of the way. After a 
bout of gland-rubbing LB moved to 5B and they butted briefly. 
Both bulls backed up from the butt, headswinging, then 


charged forward in the first of 16 charges. 


At impact, neither bull gave way at alin, = Lh most 


cases LB backed up farther and faster than 5B and his head- 
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swinging was more exaggerated and vigorous. The average time 
of backing up in 13 timed charges was 24.7 sec and the maximum 
distance covered was approximately 45 m. In seven of the ten 
charges in which I was able to record the first bull *torback 
up, 5B began backing first, and in one both began simultaneous- 
ly. In nine of the thirteen charges in which Il recorded the 
first bull to charge forward, LB was the first. Following 30 
sec of backing which covered about 45 m, one charge (from 
takeoff to impact) lasted about 3 sec, giving an approximate 


charging speed of 15 m/sec. 


During the 17 min of the clashing proper, one Cow 
from nerd 5 aaeiea between the charging bulls, one animal 
from herd 7 chased another from herd 5 and the two herds 
gradually mingled. Some stood watching the bulls, others 


moved slowly away. 


At 1350 the bulls began pushing head to head briefly 
before backing up. After the sixteenth Charge, thes tworen— 
gaged ina pushing contest which lasted 6 min. During most 
of the pushing bout, 5B was successful in pushing LB backwards 
and LB seemed to lose his footing twice. At one DboOints DOE 
gave several sideways-jabbing hooks. With the horns; then re- 


sumed pushing. 


At the end of the bout, the bulls hesitated briefly 


then began circling with heads still together. Bull LB was 





124 
being pushed steadily backwards. Suddenly LB's horns slipped 


from 5B's and he delivered a quick hard blow to 5B's side. 
Immediately, 5B ran from him. As LB walked towards him, 5B 
turned and faced briefly, then ran again. When 5B stopped 
and faced him again, LB head-tilted around 5B. Two other 
bulls followed LB as 5B continued to walk away. At 1401, 

LB stopped following 5B and began rubbing and horning on a 
mound. His actions were vigorous and he tore off chunks of 
turf with his horn tips. This bout of rubbing, gland-rubbing 


and horning lasted 10 min. 


While 5B moved back closer, a second bull from herd 
5 also began rubbing on the mound beside LB. As 5B approached, 
the second bull ceased rubbing and walked away from LB. The 
mixed herd was moving away and LB started off towards them, 
stopped, approached 5B and the other bull (=0B) and began 
rubbing again. Twice, LB circled around the two, gland- 
rubbing and alternating between facing the herd and facing the 
bulls... At-.L450 all, three bulls, fed briefly. pAt.1505.LB 
walked along the lake separating them from the herd. At 1515 
5B and OB started walking in single file, with 5B leading, 
steadily away from LB and the herd, towards the far Side of 


the valley. 


At 1552, LB reached part of the herd and in the next 
20 min, he followed, sniffed and chased several cows. By L630, 


LB, the cows and the rest of the herd had moved over a hill and 
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out of sight. At 1945, OB and 5B were still steadily moving 
away, at a distance of about 10 km from the site of the in- 


teraction. 


Another, much shorter clash was observed by D. Gill 
(pers. comm.) on 13 June 1972, in which tagged bull #71-1, 
accompanied by a cow, approached a herd of six (5 B's, 1(C). 
The dominant bull of the herd and bull 71-1 both gland-rubbed 
vigorously, backed up, headswinging, and charged. The marked 
bull knocked the other to a sitting position then backed up 
again. The other got up quickly, turned sideways, then 
walked away. Within 30 minutes, the "defeated" bull had re- 


joined the new herd with no further interactions occurring. 
3. Interspecific Agonistic Behaviour 


Many of the behaviour patterns observed in encounters 
within and between herds are also seen in interspecific 
interactions. The pattern of grouping together in a circle 
to face attacking wolves or man is the basic behaviour pattern 
with which these others are usually associated. Although this 
behaviour has been described often (see Hone 1934, Tener 1965) 
Many recent accounts are distorted or poorly detailed (eg., 


Stonehouse, 1971). 


A generalized, typical reaction of the Bathurst 
muskoxen to the approach of wolves or man begins with one or 


more individuals perceiving the object and assuming the at- 
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tention or alarm posture. As the object or animal approaches, 
one muskox, usually a female, begins to run, and the others 
then all run towards the dominant bull, towards high ground 

or to an area of shallow snow. Depending on the circumstances, 
the herd may continue galloping away ih a tight group or will 
stop and stand on the high ground and turn to face the ap- 
proaching stimulus. It is usually the dominant bull who first 
turns and stops and the others wheel around behind him. 
Initially, a line abreast formation is formed with the musk- 
oxen all pushing together sideways and, in larger herds, those 
in back crowding through to the front or pushing around to the 
ends of the line. Often the dominant bull will remain out in 
front of the line. If the wolves or humans circle the herd, 
the muskox in line will form a rough, solid circle or rosette 
by pushing their rear ends together. This pushing of rear 
Bade together is seen in pairs as well as in large herds and 
is the same behaviour as that shown by solitary bulls as they 


back up to a boulder or bank when pressed by an attacker. 


Most animals in the herd, both cows, bulls and sub- 
adult animals, perform the gland-rubbing behaviour when the 
"danger" approaches to within 50 m. The lead bull usually 
gland-rubs more vigorously and may also horn and rub against 
Ghesground,) sltathesherdeas pressed closely (by man) much 
pushing, butting and snorting will occur. Individual cows 


or bulls will charge a wolf or man that has approached too 
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closely, then will return to the herd. 


In the following section, observations of interactions 
between muskoxen and some other species are presented. Wolves 
and man are the only natural predators of muskoxen; however, 
the behaviour shown by muskoxen in encounters with other 
species (arctic fox, polar bear, caribou and arctic hare) 


contains the same basic components. 
a. Muskoxen and Arctic Wolf 


I have previously described, in some detail, the be- 
haviour of a solitary bull muskox when attacked by a single 
wolf (Gray 1970b). Several other observations of wolf-muskox 
encounters are described briefly here. These and other ob- 


servations will be presented in more detail elsewhere. 


On 16 September 1970, six wolves (four adults and two 
young) approached herd 70-F-10. The muskoxen moved closer 
together ,butaadid not form »a tight defensive Guoups «The 
wolves stood watching the muskoxen briefly, then moved away. 
Later that day the pack attacked herd 70-E-12. Only the four 
adults took part in the attack in which the wolves circled 
the herd, leaped up at and attempted to cut off individual 
bulls and cows that charged out at them. The herd seemed dis- 
organized until the dominant bull charged and vigorously 
butted two muskoxen as they began to run from the grouped herd. 


Afterwards, each time a muskox charged a wolf, the whole herd 
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movedmcoge tnhemepehninderhetchargingsanimal, closing the gap 
and preventing the wolves from cutting in between.. Both 
muskoxen and wolves rested for 2 hours after 25 min of 
action. The wolves renewed the attack for a further 10 min, 


then departed. 


On 4 March 1971, a male-female pair of wolves 
attacked a herd of 23 and succeeded in killing a pregnant 
cow after she dropped back from the stampeding herd. The cow 
held off the wolves for at least 50 min. Unfortunately, a 
bank of fog obscured the area and the end of the fight was 
not seen. The wolves remained in the vicinity of the carcass 


for at least 2 days. 


The same wolf pair killed a second cow on 24 March. 
The initial attack was not seen but again the herd stampeded, 
leaving the cow Bridevolves at the place where the herd had 
been feeding. The cow fought the wolves for 30 min by charg- 
ing and attempting to hook with her horns. Then both wolves 
moved away and lay down for 40 min. The Becack was renewed 
and lasted for at least another hour before darkness obscured 
the action. The horns of this cow were curved in towards the 
orbits and would have been very ineffective as weapons. The 
length of time it took the two wolves to bring down this cow 
is interesting when compared with the 53 min it took a single 


wolf (very likely the same male) to bring down a subadult bull 


in May 1968 (Gray, 1970b). 
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b. Muskoxen and Arctic Fox 


Muskoxen only reacted to foxes passing within less 
than 100 m. They responded by raising the head to the atten- 
tion posture and, in some ies genoa? by gland-rubbing. On 
5 June 1969, a fox approached to within 3 m of herd 69-A-4 
and began play-stalking the herd in a typical canid manner, 
leaping back and forth with lowered forelegs and tail waving 
Side to side. Two of the muskoxen, 2B and C, raised their 
heads, then 2B moved to C and pushed his rear against hers. 
Pies bull eles ewhoehadn sit noticed the fox, suddenly wheeled 
around, watched the fox briefly, gland-rubbed once, then re- 
sumed feeding as the fox continued to crouch and circle in 


front of the herd. 
c. Muskoxen and the Polar Bear 


Bears were seen in the study area about once a month 
during summer, but were seen near muskox herds on only two 
occasions. On 31 July 1968, a bear passed downwind and with- 
in about 200 m of a feeding herd of three muskoxen, and no 
reaction was observed. However, on 4 July 1969, when a bear 
Walkedupast within 100 inof herd 69-C-ll) (the berderanea 
short distance, grouped briefly, ran again for another 50 m, 
and then regrouped. The muskoxen remained wary for the next 
30 min and stood looking around, with heads raised, long 


after the bear had disappeared from view. 















xO% Sitox1A bas aexodteuM «.d-<. 
4 — 
Pro 
mie A 2sxot of toss1 yino sexoxteuM = _ 
; = oO i ods pnieisx yd bebmeqesx yedT .m O00f msds 


- 
W 


rf) we s-basip vd .seonsdgenit emoe at ,bns& stvteog not 


i" 


oe ; &S .asxodeum sade to owl. .obie ot. ebke 


ment .sonc id sit [%< xc efit Bbedostsw ,bavors 
; : : ; oe 
ui xfouto Bae novoris oF Ssratsno:% 03 edt es poibest bomye 7 


bred sit to tnoxrt 


+ X 3{ BET ro Pe 
RAR wd) AE PE tas el» tay ra ak 
fitnom & SDM § YDuU Sit3 ‘ 2 Siow e7s9d 
- Ae 
n r - on ~, a = 7 ’ wo in * , " ad wr tetbeitern as =n as 
OWS VifioO NO SD19n XOAGUM ISSO WSS4e sisw FL , Lemnive Pala 
; gq 
’ 


wesd 6 aetiw ,@eeL yint ' ao ,1sVvewoll bevisado esw nottoser 
sth ; : ie 
& a81 bred sft ,ff-3-e8 bist to m COL nidsiw tesq bolls | 













‘ive 


rertons 10% nises asx s¥iteiztd bequorp veonssetb sore 


deen eds 02 yxew bonismes ; 


ernie / par isu 
pool be: ere “7 
v9 
wa : 


eal) 









130 


d. Muskoxen and Caribou 


Although muskoxen and caribou graze in the study area, 
they tend to utilize different parts of the habitat. Both 
species were often seen grazing within 100 m or less with 
neither paying any noticeable attention to the other. The 
caribou were constantly on the move and did not remain in 
an area for more than a few minutes, in contrast to the muskox 
herds which used an area for several days. Therefore the op- 


portunities for direct interaction were few. 


Muskoxen usually watched an approaching herd of 
caribou with raised heads, but more complex "interactions" 
do occur. On 23 June 1968, a bull caribou approached herd 
68-A-7 and slowly walked to within 150 m. The herd ran fOr 
about 50 m, then grouped in a rough circle with the dominant 
bull, CB, in front. One bull and one cow each gland-rubbed 
once, two other bulls moved forward and as the caribou walked 
by 30 m away, they all swung into a straight line-abreast 
formation facing the caribou. The subadult bull, YB and the 
cow, WC, slowly rubbed their rears together as the caribou 


trotted away. 


A herd of 18 caribou approached a herd of 4 adult 
bulls on 14 September 1971. As the caribou moved straight 
toward the bulls, all 4 stopped feeding and watched the 


caribou. The caribou, strung out in a line, moved to within 
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30 m of the muskoxen and each individual looked at the bulls 
as he passed. One bull gland-rubbed several times as the 


caribou moved by. 
e. Muskoxen and Arctic Hare 


On the few occasions when muskoxen and hares were 
seen feeding in close proximity, the muskoxen ignored the 
hares or watched them briefly with heads up. One exception 
to this occurred on 25 June 1968, when two hares ran through 
herd 68-A-7 passing within 10 m of the feeding muskoxen. 

The subadult bull, YB, gland-rubbed once as the first hare 
passed him and an adult bull and cow WC both watched with 
heads raised. When the second hare ran past YB, he just 

watched it and the others ignored it as it ran through the 


herd. 
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4. Discussion - Agonistic Behaviour 


Tener (1960, 1965) stated that "a social hierarchy 
has been found in herds studied intensively and continuously." 
However, neither he nor Harington (1961), who also mentioned 
the existence of a social hierarchy, indicated which studies 
they were referring to nor did they present any data to 
demonstrate the existence of a social hierarchy other than 
examples of dominance of one age group over a younger age 


group. 


The data presented here indicate, among the Hulls sor 
a herd, the existence of a linear dominance hierarchy similar 


to that reported for bison by McHugh (1958) and Egerton (1962). 


Because of the difficulty in recognizing individual 
cows, I have not been able to determine whether a linear domi- 
nance hierarchy also exists among the cows of a mixed herd. 
Bellaar-Spruyt (pers. comm.) has reported that such a hierarchy 
does exist in herds at the muskox domestication project in Fort 


Chimo, Quebec. 


The agonistic interactions between bulls fall into 
three main groups; the displacements, butting and charging, 
and the more expressive behaviours i.e., gland-rubbing and 


head-tilting. 


A move by one muskox to displace another was seldom 
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challenged, suggesting that the displacing animal "knows" 
his own position relative to the dominance of the other. 

The fact that the muskox displaced usually moved out of the 
way before contact was made also indicates an awareness of 
his dominance, relative to that of the approaching muskox. 
Displacements seem to occur between animals between which an 


established dominance relationship existed. 


In contrast to the established order seen in displace- 
ments, the movements of butting and charging were far less 
ordered or consistent. Butting and charging interactions were 
often initiated by subordinate bulls. These behaviours seem 
to function as a test of strength, a means whereby a younger 
or subordinate bull can become aware of his strength and 
"practice" or test components of the clash against a dominant 
With lttele probability Of injury or involvement in a serious 
fight. The pushing in the head-to-head position which often 
followed a butt or charge also suggests a testing of strength 


between individuals. 


Butting, under conditions. of disturbance; has*been 
described as a "displacement activity" resulting from a con- 
flict between attack and escape drives (Tener 1965, Bos 1967). 
Since most instances of butting occurred while the muskoxen 
were already in flight, any such conflict must already have 
been resolved and thus explanation in terms of the displace- 
ment activity theory must be discarded. Another objection to 


the displacement activity hypothesis is that irrelevance is 
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134 
one of the main characteristics of such activities. Butting 
or charging in an agonistic situation cannot really be con- 


sidered irrelevant. 


This kind of behaviour might be more logically des- 
cribed as medi rented aggression. But that explanation might 
also, be. complicating the problem unnecessarily. The level 
of aggressive motivation is probably high in these situations 
but the aggression is not redirected unless an appropriate 
stimulus to "trigger" the aggressive pattern is provided. The 
fact that a running muskox bull is treated as an offensive 
threat in many circumstances suggests that buteing 2p a en 
ning or a stampeding herd may simply be a response to this 
threat. On many occasions, bulls were seen to wheel around 
and face another bull approaching quickly from the rear, The 
approaching animal, in turn, May see the facing bull (with 
its head in a position to receive or deliver a Huet) as, a 
threat directed ee him and thus continue on to complete the 
run aS a charge, or veer to the side or halt abruptlye. elt 
butting or charging is simply responding to the stimulus of a 
head position of another bull or a running animal, then there 


is no need to invoke redirection as an explanation. 


Interpretations of the function of the gland-rubbing 
behaviour include such ideas as sharpening of the horns by 
rubbing them against the foreleg (Hall, 1879; in Hone 1934) 


and Pedersen's (1958) suggestion that the secretion produced 
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by rubbing lubricated and matted the hair of the brow and kept 


it out of the eyes during a fight. 


Tener (1965) rejected Pedersen's suggestion, pointing 
out that any such matting is at best ineffective and that, the 
secretion couldn't function this way at freezing temperatures 
in winter. However, we do not know the freezing point of the 
secretion. In any case this explanation can be discarded 
since the hair of the brow could only cover the eyes in summer 


when the wool is being shed. 


Pedersen also noted that the amount of secretion was 
greater after a long test or disturbance and that the secre- 
tion seemed stronger during the rut. He suggested that the 
gland might serve a reproductive function cubing Lhe gruc 


through production of scent. 


Tarasov (1960) stated that scent-marking in muskoxen 
served to mark territorial boundaries. This statement seems 
to be based on the presence of the glands only, and not on 
original field observations. Since muskoxen are considered 
to be non-territorial animals, Tener's (1960,,/-1965) criticism 


of Tarasov's interpretation is valid. 


It seems quite reasonable to assume that muskoxen rub 
the preorbital gland on the foreleg in the absence of suitable 
rubbing "posts" in the environment (Harington, 1961). Musk- 


oxen on the Canadian mainland spend much time in the willow 
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thickets along river banks and are known to thrash the bushes 
with their heads (Kelsall, 1951). Hanbury (1904, in Hone 
1934) described the "horning" of trees by muskoxen in the 
Thelon River area. Similarly, I have observed muskoxen rub- 
bing the gland on hummocks, snow-drifts and the ground (Table 


LD} 


Ewer (1968) has suggested "Self-reassurance" as a 
possible function of scent-marking in agonistic encounters in 
certain species. In order to use this term correctly, one 
would first have to demonstrate by definition, that the animals 
have lost confidence and second, that this confidence has been 
renewed. In most studies of scent-marking (eg., Ralls 1971, 
Walther in press), it has been shown that scent-marking 
is usually the prerogative of the dominant animal. "Self- 
reassurance" would seem to be necessary only for subordinate 
animals. Perhaps the meaning Ewer intended was self-assurance 


rather than self-reassurance. 


If, as Ewer suggested, scent-marking is self-reassuring, 
this might lead to the biologically undesirable situation where 
a subordinate animal, facing a dominant, would not retreat or 
show submissive behaviour but instead might engage the dominant 
in an aggressive interaction as a result of scent-marking in- 
creasing the aggressive motivation of the "marker" (Ewer, 1968, 
Dems. The subordinate animal would thus be more likely to 


become involved in a fight with an animal already recognized 
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as a dominant (hence, the decreasing confidence) and poten- 
tially the winner. I feel that use of self-reassurance to 
explain scent-marking is not at all useful or logical as pre- 
sented. Self-assurance however may be a reasonable explanation 
for scent-marking in some of the species mentioned by Ewer 


(1968). 


It is unlikely that scent-marking in muskoxen is self- 
assuring since subordinate animals rarely gland-rub or rub 
during an interaction with a dominant, and since muskoxen sel- 


dom sniff at the location they previously rubbed. 


It is probably also wise to avoid Ralls’ (1971) term 
"intolerance" in explaining scent-marking. In her discussion, 
intolerance is not defined and she does not indicate clearly 
why the term was chosen. Intolerance is, by standard defini- 
tions, an unwillingness or lack of ablduby eOLsCapacity LOgeiy— 
dure something (after the Oxford English Dircshs ONalyiy es lola 
The presence of intolerance can only be inferred on the basis 
of observed aggressive or threatening behaviour. It would 
seem to be less anthropomorphic and more prudent to retain an 
explanation based on these behaviours since intolerance can 


exist without the external evidence fee’ a ben 


Ralls mentions the "threat" aspect of scent-marking 
in some species but does not develop this aspect to any ex- 


tent. Ewer (1968, p. 154) defined threat as wia| stniof (Ya te Co 
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138 
noting that, contingent upon some act or failure to act on 
the part of the recipient of the signal, hostile action will 
be taken." Threat behaviour often draws attention to the 
threatener's size, strength, or weapons (Ewer, 1968). My 
data on scent-marking in muskoxen support Ralls' (1971) 
statement that animals scent-mark when they are dominant to 
other members of the same species, when they are likely to 
attack and when they are likely to win if they do attack. 
However, it seems to me that it is in thesé very situations 


that an animal is most likely to perform a threat display. 


My suggestion that gland-rubbing in muskoxen functions 
as an inter- and intraspecific threat display is supported by 
a close look at the vigorous gland-rubbing performed by the 
dominant bull of a disturbed herd or by two contesting domi- 
nant bulls. Stretching out the foreleg is, in effect, taking 
a step forward, the head is lowered abruptly - in itself a 
threat for a clashing animal - and the hooking motion of the 
head and horns is repeated almost rythmically as the gland is 
rubbed. The abrupt change in colour pattern as the dark head 
moves in front of the white legs also emphasizes this hooking 


MOtLON.< 


The function of pawing in agonistic encounters is not 
clear. Tener (1965) reported the digging of shallow pits in 
the soil but did not observe the actual digging nor the be- 


haviour patterns preceding or following it. Pedersen (1958) 
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reported one observation of a bull digging a pit by scraping 
and, beating with. his forelegs. This bull urinated in the pit 
but unfortunately the circumstances in which this occurred 
are not given. Tener (1965) suggested pawing and the digging 
of pits functioned in a similar way to the pit-digging be- 
haviour of mountain goats. Geist (1964) indicated that the 
pawing of "rutting pits" in mountain goats was associated 
mainly with aggression but could also appear in courtship: OF 


spontaneously. 


My own observations indicate a primary relationship 
between pawing and agonistic encounters in muskoxen and, 
presumably, under "normal" breeding conditions, pawing would 
be secondarily related to and influenced by the rutting sea- 


son. 


Pawing is often used simultaneously with the gland- 
rubbing threat display and may share the "threat" function. 
Walther (in press) suggested that pawing might be a symbolic 
or redirected aggression derived from beating with the fore- 
legs during a fight. Although stamping with the hind legs is 
commonly seen before a muskox lies down, I have never seen 
foreleg stamping or beating in agonistic encounters. Pedersen 
(1958) does recount one observation of a bull¢estuaking*the 


ground with the forelegs while facing human predators. 


Horning is another of the expressive behaviour pat- 
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terns not fully understood in many of the species for which 
it has been described. A suggestion by Pedersen (1958) that 
muskoxen rub the horns against the ground to make their 
surfaces rough can only be attributed to a lack of familiarity 


with the horn structure and the behaviour pattern. 


In my observations, horning was always associated 
with rubbing and gland-rubbing and might be considered a com- 
ponent of high intensity scent-marking displays. As well 
as threat, it also suggests redirected aggression in both 


inter- and intraspecific encounters. 


The head-tilt display of the muskox fits well into 
the category of displays variously termed superiority dis- 
plays, dominance displays or "Imponierverhalten" (Walther, in 
press), intimidation displays (Schaller, in press) or bravado 
displays (Geist 1971). Erection of the mane, stiff movement 
of the legs, broadside presentation, circling, head position, 
and the accompanying scent-marking behaviour are features of 
this type of display seen in several other species. The head- 
tilt display has a strong threat component in that the horns 
are presented towards the opponent through the sideways Ve 
Clination of the head. This inclination itself may be due to 
looking away - i.e., "ignoring" or "refusing to notice" the 


opponent (Geist 1971). 


In intra-herd interactions the display was almost 


always performed by a dominant animal “and in most cases re= 
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sulted in submissive or watchful behaviour by the recipient. 


A challenging or intimidating aspect of the head-tilt 
display was also evident in inter-herd interactions. When the 
display was performed by the dominant bull of one herd, the 
response of bulls in the other herd varied from adopting the 
watchful, perhaps submissive, head-up position (most frequent) 
to counter-displaying with the same pattern (rare). This 
display may serve as a means of allowing two strangers to es- 
tablish their relative dominance positions without necessarily 


becoming involved in a clash. 


Pedersen (1958, p. 35) described and photographed a 
bull head-tilting ("macht einen Buckel") to an attacking 
sled-dog. If Pedersen's observation was accurate and the 
bull was not actually displaying to another bull in the herd, 
it would seem that this display can also be used in inter- 
specific encounters. I have, however, not seen it in many 


observations of similar circumstances. 


Clashing has often been described in the literature 
(see Hone 1934 and Tener 1965) but these previous descriptions 
are sometimes inaccurate and usually incomplete. Tener (1965) 
was the first to describe head-swinging in subordinate bulls 
fighting with the dominant bull of a herd. Bos (1967) reported 
head-swinging by both bulls involved in a clash and interpreted 


head-swinging as displaying of the horns. This interpretation 
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seems reasonable and is supported by the observation that the 
position of the head at the end of each swing is similar to 


the position of the head in the head-tilt display. 


The agonistic behaviour patterns seen in inter-specific 
encounters are basically the same as those seen in intra- 
specific interactions. Gland-rubbing, rubbing, pawing and 
horning for example are all used in encounters with wolves and 
humans. These observations are similar to those which led to 
Walther's (1969) tentative suggestion that Thomson's gazelles 
(Gazella thomsoni) react to predators in much the same way as 


they react to conspecifics. 
B. Reproductive Behaviour 


1. The Rut. The "rut" of a species is understood to be the 
periodically recurring sexual arousal of members of that 
species. It is usually inferred that copulation with insemina- 
tion accompanies this sexual arousal (Struhsaker, 1967). Dur- 
ing the expected rutting season for muskoxen, I saw no 


"complete" mountings or copulation. 


Most reproductive or courtship behaviour occurred in 
late August 1969, 1970, 1971 and September 1970, 1971 (Table 
21). Tener (1965) reported that height of the rut was during 
the first half of August, somewhat earlier than the data from 
my study area indicate. Due to the lack of information for 


September and October 1968 and 1969, and for August 1971, it 
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is difficult to make valid comparisons of timing of the rut 


with other reported observations. 
2. Description of Behaviour Patterns 


The following behaviour patterns related to sexual 
activity were observed during this study, mainly during the 
August-October period but also, to a lesser extent, at other 


times of the year. 


Approach. There are three main circumstances where 
a bull muskox makes a direct walking approach towards another 
individual - to displace one from a feeding crater, to head 
butt with another bull, and to investigate a cow. Usually 
this latter approach occurred as a cow was moving or feeding. 
Often the approach was not noticed by the observer until the 


bull started to sniff the cow (Figure 23a). 


Sniff. When a bull reached a cow, he lifted his 
muzzle to the anogenital region and held it there for several 
seconds. This pattern was the most common of the behaviours 
seen (159 observations) and occurred in 83% of the 135 male- 
female interactions. It was performed up to 10 times during 


a single interaction. 


Lip Curl (Flehmen). After sniffing a cow, a bull 
Sometimes raised his head so that the top of his face was 


horizontal and opened his mouth, curling back the upper Lip 






bal 


jux sit to enimis to endalysquos siaemu? SORE: Ot stus218 ak 
2404 Stade besiege: ahha .y - 


enxssg549 sho tweet to sear s : 


mt 


isuxes ot bsisisx enzetisq ayotvedsd patwoliot ont at ¢ 


efit pnisub yintem ,ybute eidd pataub hevasedo crow wait 
v~arto 35 theses tetas! s ot ,oals tud boixeq imahaie 
IH9Y ead 0 § 


opie 





a a ee a) 


sienw esonstemupiio ciem Sstdt ots sxrenT -onotggh 


5 “5a 


istitjonms ebiswos dosoiqas paidisw dosyvib 6 setea xodeum Led a 
bso og ,1t9t619 poibset 5 mox? ano so6iqeib ot = Lsubivibad 


vil6ueU .Woo 5 ssBpistapVvaAE oF bre .tiud tedgoasn d3iw adaeg 


.piibsst to privom esw woo 6 Be Bbexsuod0 dosoxqqs seeds! aids 









sit fttny asvisedo sft yd Bbsargon Jon eew dosotggs edt ao320 


(s€& s2uptd) woo 'sdd Piins ot betisss a 


bait 
2 eid bettif ed .woo 5 pedals ifvd s asdw Tine ; i. s 
[sievse sot sxsit si bled Bas sotpex [stinepons Say of “stssum 


a 


| ra 


eivoivsied sri 20 f1oMmmon JROM Sat esw. niettsq SEAT ‘Tei Dmo: 
“ism 2£1 ont 20 #8 mi bexwwo9e bus (snonevaoaue eet) 


PeLivgh esmis OL oF qu bomtotzeq S6hw SI .anogss i +ti 9. ant : 
volsewassah agate b 
; a 


_ Sas ei 


d 












7 





- 
§ 


145 


 \ \\ 
AW \\ Mh 


‘yl i) 


aM 


ti | WZ 
ti i 4 





[vas eh ata Peo: Adult bull muskox investigating anogenital 
Geguon Of cow eat stable Ole sniircing pattern 
(A) ean Lip. CUmLinG mae mEasis trang eCOWs bi). 





146 
(Figure 23b). The pattern shown was similar to that shown 


by many ungulates (Schneider, 1930). 


Head-up. In many cases, because of distance or light 
conditions it was difficult to be sure that a lip curl had 
occurred. When there was any doubt the pattern was recorded 
as "head-up." At close range this pattern was observed as a 
separate, distinct, pattern usually following sniffing or a 
lip curl. The head was held in a similar position but the 


mouth was not opened nor was the lip curled back. 


Nosing (muzzling). Nosing sometimes replaced sniffing 
at the end of an approach or following sequence. The nose was 
pushed against the cow - at the anogenital region, in the 


flank, or at the head/neck region. 


Head over rump. A bull on some occasions lifted his 
head and rested his chin on the cow's rump or back. Bulls 


performed this pattern from behind or beside a cow. 


Foreleg Kick (Laufschlag). The foreleg kick, common 
to many bovids, was seen only 17 times. The kick was usually 
directed at the cow from behind or at the flank from beside. 
It varied in intensity from a gentle lifting motion to a 


quite vigorous kick. 


Head Twist. After an approach, a bull moved up along- 


side the cow, then lowered and rotated his head, turning the 
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muzzle up towards her side or neck. This pattern was seen 


only nine times. 


Rush. The rush is a sudden movement of a bull from 
directly behind the cow. If the cow did not move the bull 
rosesyup son the hind legs which in turn (if the cow still did 


not move) led to the mount. 


Mount. Mounting was only observed three times in 
undisturbed herds. In all cases the mount was incomplete 
and fasted only One Second (approximately). Several other 
mountings were observed during a wolf attack and one other 
while the herd was disturbed by the approach of an observer 


(see Figure 21). 


Vocalizations. Bellowing or roaring of rutting bulls 
has been described by many authors (see Hone, 1934, Tener, 
1965). i heard roaring only once (in late August) when a 
bull and cow were moving together from one part of a herd, 
that had split, to another. The roaring was repeated fre- 
quently for 20 minutes and sounded Similar Othe srOamorea 


caged African lion. 
3.  Rutting Behaviour 


The most often observed sequences for the reproduc- 
tive behaviour patterns are illustrated in Figure 24. Since 


the initial approach of the bull is not usually distinguish- 
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able from other movements, I have not included it in the 
diagram. The "sniff" is used as the starting point for the 
sequences. The frequency of occurrence of all sequences in 
the 135 courtship interactions indicates that although certain 
sequences are more common (eg. sniff-lip curl-follow), almost 


any pattern can follow any other pattern (Figure 25). 


Very few sequences were observed in April, June and 
July and none in the period November to March. In May, how-.. 
ever, several different sequences did occur but they were 
not as complete as those in the period August to September 
(Figure 26). The few sequences observed in October included 
those patterns that probably precede mounting, while those 
observed in the period May to July included mainly the initial 


investigation patterns. 


Few interactions included all thirteen behaviour 
patterns (Figure 27). The average number of patterns per 
interaction (including all observations) was 4.6. The most 
frequently observed patterns were sniffing (159), following 


(72), moving up alongside (42), and lip curling (36). 


A cow seldom stood still after the initial approach 
and investigation by a bull. Of 17 instances of a cow stand- 
ing, seven occurred after she was followed by the bull 
whose previous sniffing resulted in her initially moving away 
(Table 21). Only four times did a cow stand after being 


touched by a bull (twice following kicks and twice following 
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Figure 26 


The sequences of male behaviour patterns in 
courtship interactions seen in each month 
of the study in the period April to October. 


- Sequences illustrated are from the same 
135 courtship interactions as Figures 24 
and 25. 


Arrow width corresponds to relative number 
of observations of a sequence. 


Arrows without numbers indicate 2 observa- 
tions. 


The "*" indicates a two week observation 
period only. 


HEADOVER 


=) <a 


NOSE REAR 


152 


APRIL 
Interactions: 
*1970 - 1 
1971 - 0 
MAY 
Interactions: 
*1968 - 5 
1969 - 8 
1970 - 6 
1971 - 1 


TOTAL =) 21: 


JUNE 
Interactions: 
1968 - 2 

1969 - 3 
TOTAL - 5 
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NO. OF INTERACTIONS (9 -9") 
RECORDED 
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APR. MAY JUNE JULY AUG. SERIa BOGCT 


NO. OF PATTERNS RECORDED 


69 70 707 70 74 
UG. SEPIo  OGi: 


710 68697071 6869 
* 


The number of courtship interactions and number 
of components (out of 13 male behaviour patterns) 
seen for each month of the study, April to 
October, 1968 to 1971. (* indicates 2 weeks ob- 
servation only.) 
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nosing). In 10 of these cases of standing, the bulls re- 
sponse was another sniffing bout, in 2 the bull simply stood 
still and in 1 case each the bull nosed, kicked or rushed 


the cow. 


Cows sometimes avoided courting bulls by running and 


no active courting by cows was observed. 


On five days in August 1969, three bulls accounted 
for 62.2% of 45 courtship interactions recorded in that 
month. Each of these three bulls was the dominant bull of 
a different herd and two of them were, for several days, 
the only bull in their respective herds. However, none of 
these herds were considered "harems" because no evidence of 
the exclusion of other bulls was seen, rather the herds were 
formed by the splitting of larger herds. One bull was be- 
lieved to be "LB," originally the dominant bull of herd 
69-A-4. The most active bull, in the herd of 11 (4 bulls, 

7 cows), was watched for three days, 21 -to 23%August and he 
accounted’ for 36% of the interactions for the month. Al- 
though I cannot be absolutely certain that I was watching the 
same bull, since there was some mixing OL Nerds, 6 ects cons 
fident that it was the same animal because only the one bull 


was active in courtship and behaved like a dominant bull. 


These three bulls were involved in only 27 of 49 


sniffing interactions for the month of August, but in 5 of 
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Le? 
Gulipsheunts}eyseroit "head-over-rump," 7 of 7 foreleg kicks, 
5 of 6 rushes and 2 of 3 cases of rising up on the hind legs 
before mounting. Thus these three bulls accounted for just 
over half of the initial investigatory patterns recorded, 
but accounted for the majority of those patterns occurring 


closer to mounting in the probable courtship sequence. 
4. Discussion - Reproductive Behaviour 


Little information is available on behaviour of 

wild muskoxen during the ae Several authors described bulls 
"fighting for possession of cows" (Hone, 1934) and indicated 
that mating occurred but did not describe the actual event. 
Tener (1960, 1965) described "unsuccessful mating" which con- 
sisted of repeated mounting attempts but did not describe the 
few instances of mating that he observed. Teal (1959) and 
Wilkinson (1971) described only briefly courtship and mating 
of captive muskoxen. Both mentioned sniffing, curling of the 
lip, scraping or feeling the flanks of the cow with a foreleg, 


and mounting. 


Unlike the situation reported for bison by McHugh 
(1958) where bulls and cows perform the lip curl following 
the sniffing of many odours including male or female urine 
on the ground, new calves, and blood, muskoxen were seen to 
lip curl in response to fresh female urine on SHeMeroand 
Only’ twice.” én all other instances, lip curls followed snif- 
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Although curling of the lip in the Flehmen response 
is usually taken to be an indication of olfactory testing of 
the female's urine, Dagg and Taub (1970) reported that such 
testing can occur without the actual curling back oper tale) OMe), 
The pattern I have termed the "Head-up" in courting bulls 
may be a behaviour pattern which functions in the same way as 


thealip curd. 


The bull's courtship patterns of moving up alongside, 
nosing the neck or flank of the cow, the gentle foreleg kick 
and resting of his head on the cow's rump all probably help 
in preparing the cow to accept mounting. At the male's ini- 
tial approach his intentions might not be clear—it may be an 
aggressive or a courtship-type approach. The gradual increase 
in body contact probably helps to prevent the cow from moving 


away. 


There is some similarity between nosing by the bull 
muskox in courtship and typical bovid calf-cow contacts 
(Hafez 1969). This similarity may also increase the likeli- 
hood that the cow will not move away. Geist (197la) reported 


juvenile-like behaviour in courting mountain sheep rams. 


The foreleg kick in its more vigorous form likely 
serves as a final test of receptivity before mounting. 
Walther (1958) suggested that the Laufschlag movements are 
derived from primitive ungulate agonistic behaviour. Because 


many ungulates do not use the forelegs in fighting, Lent (1969) 
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suggested that perhaps the foreleg kick is merely the 


stereotyped or ritualized start of the mounting sequence. 
However, for muskoxen, Walther's interpretation seems more 
reasonable since the foreleg kick was seldom closely associated 
in time with the rush, rising onto the hind legs, or mounting. 
The kick does appear to be part of a sequence of behaviour 
leading to mounting, but the basic body positions when mount- 


ing and when kicking are very different. 


The head-twist is the closest thing to a courtship 
display in muskoxen. In some respects it is the antithesis 
of the agonistic head-tilt display. The muzzle is rotated 
towards the female and the bull performs the head-twist from 
an angle or parallel orientation in contrast to the broadside 
approach of the head-tilt. The head-twist was performed on 
two occasions when a bull seemed to be trying to "herd" a cow 
or keep her from moving away. This pattern seems to be 
similar to the "twist" performed by courting mountain sheep 


rams (Geist 1971la). 


Mounting sequences seen in September while herds were 
being attacked by wolves or approached by humans may have been 
due to a high level of excitement and the consequent physiolo- 
gical changes and perhaps to the close contact between bulls 
and cows. This contact would provide the bull with opportuni- 


ties for detecting oestrous cows or might simply provide the 


necessary stimulus for mounting. Henshaw (1970) described 
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high frequency of breeding in reindeer during herding by man 
and discussed several factors, including the above, which may 
account for the increased breeding. Hinde (1966) mentioned 
several other examples of sexual behaviour appearing in irrele- 
vant situations where there was an aggressive component (eg., 


after a mild disturbance). 


Wilkinson (1971) reported that captive muskoxen are 
"reticent about their breeding activities" and few copulations 
in captive animals have been observed. Tener (1965) apparent- 
ly observed only three successful matings (copulations) in the 
wild. Copulation is reportedly very swift but is usually pre- 
ceded by several attempted mountings (D. Bellaar-Spruyt, pers. 


comm.). 


The periods of heat or oestrus of seasonal breeders, 
such as the muskox, may be defined as “periods of proper 
psychological and physiological state, during which copulation 
is permitted.... When in heat, a female is in a psychological 
state that is distinctly different from her state during the 


rest of the cycle" (Nalbandov, 1964, p. UB ec) E 


Although virtually nothing is known of the behaviour or 
physiology of oestrous female muskoxen in the wild, observations 
made by J. Bourque (pers. comm.) at the muskox farm at Old Fort 
Chimo, Quebec, indicate that a cow stays in heat for a few 


hours, "shows a great desire for the male" and accepts the 
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male about every 30 minutes during that time. The herd bull 
drives an oestrous cow away from the others and drives away 
any approaching females. This behaviour is similar to that 
described for bison by McHugh (1958) and his term "tending- 


bond" seems appropriate for muskoxen. 


Despite the numbers of muskoxen in the study area 
during the expected rutting season (eg. up to 50 females in 
1959), and despite an increase in number of herds under ob- 
servation, no copulations or sequences of mounting were 
observed during the four partial rutting seasons covered by 
this study. Although some manifestation of the rut was evi- 
dent in males, no tending-bond behaviour was noted and the 
formation of harems did not occur. Active courtship by cows 
was not seen and on the few occasions when cows appeared 
somewhat receptive, mounting did not occur. All of these 
observations suggest that for the first half of the study at 


least, breeding did not occur in this population. 


Unfortunately, it is not possible to make accurate 
comparisons of rutting behaviour between the four years of 
the study because of the differences in timing of observation 
periods during the four rutting seasons. Because different 
herds of different sizes and different sex ratios were observed 
for varying lengths of time and because only a few bulls in a 
herd (usually only the dominant bull) were involved in court- 


ship interactions, and because most cows involved showed little 
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162 
sign of receptivity, I felt that a breakdown of observations 
into number of interactions per animal per unit time would 


not be meaningful. 


However, the change in completeness of rutting be- 
haviour (i.e., the number of patterns performed in sequence) 
from 1968 to 1971 and the production of one or two calves in 
the study area in 1971 indicates a return to a breeding situa- 
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V. COMPARISON OF MUSKOX BEHAVIOUR PATTERNS WITH OTHER 
UNGULATES 

The taxonomic and evolutionary relationships within 
the family Bovidae are not well known (Simpson 1945) and 
the relationships between many species, genera, and even 
tribes, in the subfamily Caprinae are uncertain. Geist 
(1966, 197la) elaborated on this problem and discussed the 
significance of behaviour patterns to evolutionary relation- 


ships between the rupicaprid and caprid tribes. 


Simpson (1945) placed muskoxen in a third tribe, 
Ovibovini, along with the little-known takin, Budorcas sp. 
(see Appendix VII). Earlier authors had considered the 
muskox to be closely related to the bison (eg. Seton, 1927) . 
The taxonomy of the living and extinct members of the genus 
Ovibos was reviewed by Tener (1960, 1965) and Harington 


96 1) °. 


Comparison of muskox behaviour patterns with those of 
other members of the subfamily eg. the caprids, Capra and 
Ovis (Hafez 19694) Gels t 1917 Va py and™the rupicaprids, Oreamnos 
and Rupicapra (Geist 1965, Kramer 1969) shows that few be- 
haviour patterns are unique to the muskox. Comparison of 
muskox behaviour patterns with those of the bison, Bison bison, 
(McHugh 1958, Fuller 1960, Herrig and Haugen 1970) again shows 
many similarities although the bisonwiSea1n a Gitterent sub= 


family, Bovinae. 
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The agonistic behaviour patterns of the muskoxen are 
similar to those seen throughout the family Bovidae. The 
charge and clash of the muskox resemble closely the caprid 
patterns (Schaffer 1968, Geist 197la), although the muskox 


clash contains more components than most. 


The broadside display is Wedeeeeaa among mammals 
and is common among the bovids. The head-tilt broadside 
display of the muskox is, for example, Similar to that sor 
the mountain goat and is almost identical to that described 
for the takin by Schaller (in press). The takins at the 
Bronx Zoo ... "commonly arch their bec far down with chin 
tucked in and ears retracted and, moving stiffly, present 
their broadside. The head is often slightly averted and 


snorts may be given" (Schaller, in press). 


The pattern I have termed "gland-rubbing" is probably 
the most distinctive of all muskox behaviour patterns. Many 
other bovids have preorbital glands and rub them against the 
substrate or on conspecifics (cf. Geist Loa) rebut stOsmy. 
knowledge, the muskox is the only bovid that commonly rubs 


the preorbital gland against part of its own body. 


The courtship behaviour of muskoxen is also similar 
to that of many bovids. The initial elements of courtship 
are similar over a wide range of ruminants. The foreleg 


kick is seen in the subfamilies Caprinae and Antilopinae but 
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not in the Bovinae. Placing the head up over the rump of the 
female is not seen in many of the Caprinae. This pattern, 
seen in the muskox, is however,seen in the bison, immediate- 
ly preceding mounting. The male mountain goat does rest his 
head on the female during mounting. The body contact with 
the female in the "moving-up-alongside" pattern is also some- 
what unusual. Moving up alongside the female occurs in the 
chamois, for example, but without direct body contact. In 
the caprids also, body contact is usually restricted to 


nosing at the rear and actual mounting. 


Body contact between adults in non-courtship situa- 
tions is relatively common in muskoxen. Mutual "grooming" 
in the form of rubbing rear ends together is seen more often 
than many other forms of grooming. The well-known and 
unique defence formation of the muskox is also based on 
close contact between individuals in situations of distur- 
bance or attack. This kind of close-contact, defence for- 
mation is rarely seen even in other social bovids iuvang an 


herds. 
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FINAL DISCUSSION AND CONCLUSIONS 


Ewer. (2968.isp. d+)2) ~bin referring to modern etho- 
logical studies, observed that "structure, behaviour and 
mode of life form an integrated adaptive unity...of which 
no one component is comprehensible except in relation to 
the other two.... [ They | are only partly comprehended if we 
do not add to them evolutionary history and relationships 


with other species." 


The scope of this study has included some aspects 
of each of these five topics and this discussion is par- 
tially an attempt to demonstrate the ways in which they are 


so closely integrated. 


Muskoxen are well adapted both structurally and 
behaviourally to the arctic environment. Tener (1965) dis- 
cussed in detail some structural features of the muskox 
such as the wool coat, broad front hooves, the eye and the 
short limbs that are adaptations to the "harsh" arctic en- 


vironment. 


Behaviour patterns considered under maintenance be- 
haviour also reflect the muskox mode of life. The locomotory 
patterns of the muskox are, with the exception of the gallop, 


slow. The usual slow movements of individuals and herds are 
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likely a method of conserving heat in winter (Tener, 1965) 


and, in summer, may help to prevent overheating. 


The methods of feeding, like the snow cover itself, 
are variable, changing from the simple pushing aside of soft 
snow with the nose to pawing and head-dropping to break the 


thick wind-crusts. 


Tener (1965) described how the general behaviour 
of muskox herds (i.e., their movements within feeding areas 
every few days) is well suited to range conditions of the 
arctic and helps to prevent over utilization of any one 
area. My observations in winter indicate that the crater- 
ing of feeding areas and the subsequent covering of unused 
vegetation by disturbed snow may prevent over utilization 
since muskoxen do not usually return to feed in disturbed 


areas (cf. Pruitt, 1969 for caribou). 


In the Bathurst Island study area during winter 
muskoxen do not feed on exposed, windswept slopes, but rather 
along the broad valley floor where the snow cover is relative- 
ly deep but vegetation is comparatively lush. Below this 
deeper snow layer, at ground level, the vegetation is usually 
in an air space and may be much easier to UGLLIZzenthanwege= 
tation frozen into a thin layer of compacted snow on a wind- 


blown slope. 


Although in some areas winter and summer ranges can 
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be separated by 50 km or more (Tener 1965), in this study 
muskoxen were found to feed in the same areas in both summer 
and winter. The animals used the northern side of the valley 
in late winter and early summer, mid-valley in mid-summer 
and early winter and the southern side in late summer and 


one Tall 


Since this study was the first to study the muskoxen 
of one area during an entire winter, much information on 
wintering muskoxen is still lacking. Until an expanded pro- 
gram of tagging is carried out, seasonal and yearly movements 
of muskoxen within and between known ranges and the possibili- 


ty of movement between islands will remain poorly understood. 


In discussing the "advantages" of herd formation, 
Tener (1965) included protection from wolves, "passing on" 
of knowledge of the environment through the association of 
old and young animals and ensuring contact of the sexes at 
the breeding season. Of these, protection from wolves may 
be the most important in this respect since many solitary 
species successfully accomplish such learning and contact of 
the sexes. Wynne-Edwards (1962) has suggested that there is 
no existing and generally accepted theory regarding the pur- 
pose of the herding habit in mammals which may simply be an 


alternative to solitary life. 


The activity cycle of muskoxen takes the form of al- 
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ternating periods of feeding and resting-rumination lasting 


about 2: hours each. Although individuals within a herd tend 
to have feeding periods of different lengths, their activity 
cycles are synchronized. This synchrony is likely a result 
of contagious behaviour occurring especially at the end of 
the resting phase of the cycle. The cycle with two daily 
peaks of activity present in ruminants in temperate regions 
would not be relevant to the arctic situation. Muskox herds 
continue on the alternating cycle through the 24 hours of 
sunlight on summer days and through the 24 hours of starlight 
on early to mid-winter antes Information on winter activity 
cycles is lacking for December and January and the activity 
cycles of the large groups observed in February were not syn- 


chronized. 


The social organization of a species is an adaptable 
system which can vary with changing environmental circum- 
stances. Vibe (1958, 1967) showed that the age structure and 
sex composition of muskox herds in Greenland changed from the 
usual situation following heavy winter mortality caused by a 
heavy snowfall and ice-crusting. No calves, few yearlings 


and an unbalanced sex ratio in favour of bulls were recorded. 


The mortality in the Bathurst Island population during 
the winter of 1967-68 and previous years May have been due to 
a combination of similar factors including long winters, rela- 


tively deep snow and short summer growing seasons. 
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Tener (1965) suggested that the quality of winter 
forage restricts muskox reproduction. Reductions in quality 
and quantity of vegetation, which may result from a short 
growing season and other factors, in combination with de- 
creased accessibility of food due to snow conditions, pro- 


bably affect the nutritional state of muskoxen in winter. 


That nutritional factors can limit reproduction is 
well known (see Tener 1965 for review). If domestic mammals 
are fed on diets deficient in any essential factor such as 
vitamins, minerals or protein, reproduction can be interfered 
with resulting in a cessation of breeding (Sadleir 1969). 
Although starvation is rare in wild mammals, "it is more than 
possible that seasonal deficiencies in certain dietary items 


may affect their reproduction" (Sadleir 1969, p. 144). 


The ways in which the nutritional state of muskoxen 
might affect production of calves include failure of cows to 
come into heat or bulls into rutting condition, a serious 
loss of weight resulting in loss or resorption of the foetus 
(cf. Geist 1971b) and birth of calves Of ANnSsurLicient. suze 


and weight to survive the crucial time following birth. 


There was no evidence during this study of predation 


or late winter mortality of newborn calves. 


Although the likelihood of cows faidingeto Come into 


full oestrus condition is small, their nutritional state may 
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have been poor enough to prevent the behavioural manifesta- 


tions of oestrus. The lack of normal rutting behaviour in 
bulls may also have been related to nutrition. The level of 
nutrition available may be the major ecological factor af- 
fecting the rut (Sadleir 1969). The quality of the vege- 
tation in the study area in summer at the time of rut may 
not be as important as the quality and quantity in late win- 
ter since there may be a delay between the presence OL; an 
environmental variable and its effect on sgebsaraantyeg Bayh 
(Sadleir 1969). Unfortunately no data are available on 


quality of the vegetation for the study area. 


Failure of cows to reach an oestrous condition would 
help account forthe very low frequency of rutting behaviour 
seen during the expected rutting season. The observed low 
frequency of agonistic or aggressive behaviours among bulls 
of the herd would be expected if both cows and bulls were not 


in prime breeding condition. 


Wilkinson (1971) reported that Ueneverbhenechiglepoe eiemheln 
seems to be equivalent to the display I call the head-tilt) 
increases in frequency during the rutting season of domesti- 
cated muskoxen in Alaska. Apparently, it is seldom seen at 
other times of the year. Oeming's (1965) brief report and 
Teal's (1959) comments also indicate that rutting dominant 
bulls display frequently and exhibit a much higher level of 


aggressive behaviour during rut. Numerous other reports 
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in the literature suggest that bulls during the rut are more 
dangerous and more likely to attack other species and even 


inanimate objects (see Hone 1934). 


Tener (1965, p. 73)) noted that fighting between bulls 
occurred outside the rutting season but did not consider these 
"Contests...to be motivated in the same way as contests in the 
breeding season." Unfortunately, Tener seems to lump simple 
butting interactions and the more elaborate fights or clashes 
under the one category of "fighting," thus making his inter- 


pretation of different motivations difficult to evaluate. 


My own observations show that displays and aggressive 
behaviours including butts and charges occurred in most sea- 
sons and were not primarily related to the presence of cows 
and the breeding season. Rather, these behaviour patterns are 
an integral part of the social dominance system which seems to 
exist year-round. The kind of motivation behind the display 
of these patterns is probably constant but is*certainly in- 
fluenced and perhaps strengthened by changing circumstances 
during the rut. However, no obvious increase in agonistic 
behaviour was observed during the rutting seasons Of “tits 


study though all four clashes observed occurred at this time. 


The observed low level of aggressive behaviours in 
an animal which reportedly shows an increased level of aggres- 


sion during the rut probably accounts for the equal sex ratio 
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observed. Presumably, in the "normal" situation, young or 
subordinate older bulls (which are probably capable of 
breeding) are driven from a herd containing oestrous Cows 
by the aggressive dominant bull. In my study population 
these bulls remained in the herds throughout the roterng 


season. 


The role of solitary bulls in the social organiza- 
tion of muskoxen is not well known. Although most soli- 
tary bulls seen during this study were adult, two solitary 
subadult bulls were seen. Lent (1971) has discussed the need 
for further information on the relationship of these bulls 


to breeding and the herd formation. 


The social structure of a muskox herd is an open sys~ 
tem in which strange individuals can join a herd (except, pre= 
sumably, during the rut) with a minimum of agonisticeinte:— 
action taking place. Herds joined frequently, often with 
little or no overt interaction. Wilkinson (1972) suggested 
that the open nature of muskox herds serves two functions: 

(1) to prevent inbreeding which might result if a single bull 
dominated breeding within a given herd or area for many years, 
and (2) to allow solitary sub-adult and adult males to form 
temporary single-sex groups, thus decreasing the likelihood 
of predation. Given the mixing of herds that occurs both be- 
fore, during, and after the rut, as well as the recombinations 


of herds that occur as the large winter aggregations are formed 
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and disperse, it is certainly highly unlikely that inbreeding 
could become a problem in muskox herds. However, the openness 
of herds is of far greater importance in terms of allowing 
solitary individuals to join not only single-sex herds but 
mixed herds as well and permitting the formation of large 


herds in early winter. 


Although muskox herds can be classified as open social 
units, there is a fairly high frequency of agonistic behaviour 
within herds. This seems reasonable in view of the mixing 
that does occur. Individual muskoxen, unlike mountain sheep 
(Geist, 197la) apparently cannot determine the dominance rank 
of other muskoxen by physical characteristics; some interac- 
tion must occur to sort out the dominance relationship. 

There appears to be a social class dominance (which may be 
more easily recognized) as well as the linear dominance hier- 
archy within a social class (which depends on frequent inter- 


actions and individual recognition). 


The agonistic behaviour patterns of butting and 
charging apparently serve to determine dominance relation- 
ships between most bulls. Displacements from feeding craters 
reflect the established dominance hierarchy. The expressive 
behaviours, the head-tilt and gland-rubbing displays, are 
methods of expressing dominance and can serve as threat dis- 
plays. Use of these latter patterns reduces the probability 
of serious fighting and Maks baggy e!/ decreasing the element of 


surprise and allowing the second individual to flee, modify 
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his behaviour or counter-display. Only in Situations where 
the individuals are strangers or well-matched in terms of 


Screngeur, and only aLcex counter-displaying, do clashing 


Lroics oCCuL. 


The clash in muskoxen, as in the Caprini, is a 
ritualized fight. ~The bull muskox is well equipped for 
absorbing the shock of a head-on blow. Although a misplaced 
head-on blow can cause severe damage (Tener 1965), utes Set lie 
pushing and circling contest following the stereotyped ram- 
ming which is potentially most @angerous. If the combatants 
cannot keep the head-to-head orientation, jabbing and hook- 


ing with the sharp horns can result in serious injury. 


The muskox clash, with its ramming and pushing com- 
ponent, together with the preceding broadside display, fit 
i ee (1966) “tree" of the evolutionary development 
of fighting in bovids somewhere between the broadside- 
displaying, head-pushing bison and the horn-displaying, ram- 


ming mountain sheep. 


The close relationship between dominance and leader- 
ship is an important element in the social organization of 
muskoxen. The relative stability of herds together with the 
linear dominance hierarchy established through frequent agonis-— 
tic encounters between individuals, results in the more-than- 


temporary overall dominance of one individual. This dominant 
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individual, through his behaviour, influences the rest of the 
herd. His influence on the herd, in herd movements, stampedes 
and general behaviour under disturbed conditions, such as 
attack by wolves, is connected with contagious behaviour and 
is a basic part of leadership. The dominant animal (eg., LB 
in herd 69-A-4) leads the herd in movements and directs the 
herd through his influence in other situations and dominates 
all of the herd in agonistic encounters. In the literature 
(ceesHnone, 1934; Tener, 1965), the terms "lead" and "dominant" 
bull are often used synonymously. The generality Ora chis 
conclusion is also supported by Pedersen's (1958) observa- 


tions of dominant bulls influencing herd movements. 


In those species where the animals separate into all 
male bands and female-young bands, such as bison and o ei ce 
sheep, the relationship between dominance and leadership is 
not as clear. In bison, a few cows "lead" the mixed herds 
most of the time and a large bull usually leads the bull 
groups (McHugh, 1958). In mountain sheep, dominant males 
lead the all male bands but certain females lead the mixed 
groups which contain young rams dominant to the females 


(Gaisty LOLA). 


Courtship in muskoxen, as well as displaying, is the 
prerogative of the dominant bulls (cf. Geist, 1971la for 


sheep). Much of the rutting activity observed in this study 
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was performed by bulls that I recognized as dominant or "lead" 


bulls. 


The presence of a linear dominance hierarchy and the 
displacement of individuals from feeding craters in winter 
suggests that social behaviour may be an important factor in 
limiting reproduction in years with poor winter conditions. 
However, information on certain of the conditions proposed 
by Watson and Moss (1970) as being necessary to demonstrate 


that behaviour limits breeding populations, is lacking. 


Because cows are the lowest ranking adults in the 
dominance hierarchy, are displaced relatively more often than 
bulls, and use new areas for feeding more often than do dis- 
placed bulls, there is a possibility of the cows being the 
first to be affected by the increased energy demands probably 


associated with deep or thick-crusted snow. 


Espmark's (1964) studies on wintering Reindeer showed 
that cows, which retain their antlers longer than bulls, are 
higher ranked in the winter dominance hierarchy and thus they 
and their calves are not so often displaced from feeding 
craters. The relative dominance of muskox cows accompanied 


by calves is unknown. 


Tener (1965) and Bos (1967) described play in calves, 
noted that play is unusual in adult muskoxen, and suggested 


that the milling about, running and chasing by all animals in 
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a herd was play activity. Similarly, I interpret the chasing 
and incomplete, irregular butting interactions between cows 
and bulls observed in herds in early summer as play. Other 
observations such as the cow performing incomplete clashing 
patterns and leaping about on a snowbank, and the whirling 
about and splashing in summer ponds also appear to be best 
described as play. A suitable definition of the verb to play 
is "to move about swiftly with a lively or capricious motion, 
especially with irregular manner (The Oxford English Dictionary, 
1961). The low frequency of occurrence and the absence of bit- 
ing insects and external parasites preclude the usual explana- 


tions for such activities. 


Of the relationships between muskoxen and other 
species, the most important are those involving the wolf and 
man. The defence pattern of crowding together in a ‘line or 
circle is well known to be relatively effective against 
attacking wolves, though my observations indicate that it is 


certainly not always effective. 


Wolves expended more time and apparently more energy 
in killing muskoxen than in killing caribou (S. D. MacDonald, 
pers. comm.) and are more persistent in their attacks on musk- 
oxen than southern wolves are in attacking moose, Alces alces 
(Mech, 1970). It is unlikely that predation by wolves has a 


significant effect on muskox populations. 


Disturbance by humans, though having results similar 
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to disturbance by wolves, may be of greater importance because 
of the increasing frequency of muskox-human contacts. Geist 
(1971b, p. 420) stated that the effects of disturbance, 
including alienation from available habitat, are likely to be 
most severe in those "social species in which individuals have 
high life expectancies, low reproductive rates, a retention 
rather than dispersal of juveniles, and which inhabit widely 
dispersed patches of stable habitat." The muskox fulfills all 
of the above conditions and further research on the effect of 


various kinds of disturbance is necessary. 


A continued monitoring of the Bathurst Island popula- 
tion over several years is desirable in order to test the 
tentative suggestion that the observed social organization and 
lack of breeding may be related to changing environmental con- 
ditions. A study of behaviour in the same population when 
oestrous cows are known to be present may provide much useful 
information on the role of the dominant male in rutting herds 
and could clarify the reproductive and social status of soli- 


tary bulls. 


The role of calves in the social organization of the 
herd and their effect on herd behaviour, for example during 
winter, during storms and during various sorts of disturbance, 


would be an appropriate problem for further research. 


The continuing study of muskox productivity on Devon 
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Island (Hubert, 1972) will undoubtedly answer many questions 
concerning muskox range, nutrition and feeding habits during 


winter. 


There is a great deal yet to be learned about the 
muskox. Although present information is still an inadequate 
base for proper management programs, it is to be hoped that 
the results of the present and continuing research projects 
will be considered fully when decisions are made concerning 


the muskox and its environment. 







| 5 SL t ~ 
, SOF 
SAEL XOX . 
eh eum a 7 
palmzeonaD 
ana 7 


a. a 
»%O3 ) 
odeum 
TT 


LSt 


LITERATURE CITED 


Allen, G. M. 1940. The mammals of China and Mongolia. 
Natural History of Central Asia. Vol. 2, part vane 
Amer. Mus. of Nat. Hist., New York, 729 pp. 


Allen, J. A. 1913. Ontogenetic and other variations in 
muskoxen, with a systematic review of the muskox 
group, recent and extinct. Mem. Amer. Mus. Nat. 
Fs toe ee LO? 2 


Bird, J. B. 1967. The physiography Oiearctic Canada. 
John Hopkins, Baltimore. 336 pp. 


Blake aN oJ raw LOO 4 Dorel Dary, account of the glacial 
history of Bathurst Is., Arctic Archipelago. Geol. 
Surv. Can. Paper 64-30. Queen's Printer, Ottawa. 
rs) 48 805 


Bos, G. N. 1967. Range types and theieeucilizacton Dy. 
muskox on Nunivak Island, Alaska. M.Sc. Thesis. 
i. Pot PAlaska.? 7UL3 pp: 


Bruggemann, P. F. 1953. Wildlife observations at Eureka, 
N.W.T., 1953. Unpublished manuscript. 39 pp. 


. 1954. Wildlife observations at Bureka, N.W.T., 
1954. Unpublished manuscript. AD) pp. 


Bullock, kash. Los T. ah functional analysis of locomotion 
in the Pronghorn Antelope. Ph.D. THhesd sa) eU Ou 
Alberta. Uso spp:. 


Cheatum, E. L. 1949. Bone marrow as an index of malnutri- 
tion in deer. New York State Conservationist... 3: 
19-22. 


Cooper; H.jl. (1923. The Mishmi takin (Budorcas taxicolor). 
J. Bombay Nat. Hist. Soc. 29: S50F55 1s 


Dagg, A. I. amd A. de Vos. 1968. Fast gaits of pecoran 
species. J. Zool. US 5 499506. 









eismmsm ait ,ObeL .M .» 


~ ° es =. r G7 r p ah om FF - 

>. i At! roI 8 7 LisBiuzssByY 
ae nA ; _ wha 
[x iS : ae 5 io .@uM .temA 
$ = 
a e 

nt tes i .L ,melia 
7 , MSxoxeum 
2naoe7 Ox 
: ‘ » ra 
‘ . ea 57 ae £2 


c — ADVE: « ees. 
3 
LAO fr ~ Ta awa ia 
3 -tU .W ,o9isid 
7 - r * ” = 
s > hats q a : itt 
: ~~ wert 
i ww & 7 : a | Pita 
- ft 
o Sad 8 
- — "7 * r 
: c ; t 4 : 
30 ¥ : i -A .o ,208 
t 
MJTise sn CA é ‘ - pte 3 IA Cit 
re 7 ~ 
U4 4 A ° - ae * 
E a +s ai corte x ir > ? {, 3; » p7 j : 
‘ , —p 5 Le ee eo) | = tet J ru : : ; " be mis : 
; pean Ssiilbitw .édeé -i .& ,nasmeppy7d 
“— : = z : 2 
ce ; tot Ninesseecs: Rao rivece rst t c mo m te : in 
e j < * 4 . ee Re + oT | WVeics wish, iV -&Cri Ls. »W. Vi : ! 
a 
= 
ty ‘ ¢ ag 
4 * _ § : 
s. < 4 < J = 2) oe fue « 


fbhIiw _ 
eceiidugqay .s2ef Ht 


1 <b .tqixoenane : 





AoLsomoool Ac sevinns [ano 


. ae 
: ; -G .A ,AD0L Les 
36 .U) (.aheenT 24 1g 7 ' 
[Bon i eit of ath 


qq 2&f ~BI10dLA 


4‘ 
* 
WI 
ee 
ms 
* 
‘ 
& 
X 
) 
He 
i 
ea 
0 
ie 
hw] 
2 
C we 









7 







pve to xeBni as = eee e708 
stBinoissvisenod 6 2 ALO ¥Y wot 





182 


Dagg,, Ac 1.qrand. A. Waub. 19/0). Flehmen. Mammalia. 34: 
686-695. 


De BockpeEteA.een97025 Onwthe behaviour of the mountain 
goat (Oreamnos americanus) in Kootenay National Park. 
M.Sc. Thesis. U. of Alberta. 173 pp. 


Egerton,ers Me 1962.5 “the cow-calf relationship and rutting 
behaviour in the American bison. M.Sc. Thesis. U. 
Of Alberta... ~155 > Dp. 


Espmark, Y. 1964. Studies in dominance-subordination 
relationship in a group of semi-domestic reindeer 
(Rangifer tarandus L.). Anim. Behav. 12: 420-426. 


Bates, hae oo 09 A visit to our first takin. Anim. 
Kingdom 62: 37-42. 


Ewer,ak. F. 9 21968. Ethology of mammals. Logos Press, 
London. 418 pp. 


Reaser 1A. 9b.) =21968- Reproductive behaviour in ungulates. 
Academic Press, London. 202 pp. 


Freeman, M. M. R. 1970. Productivity studies of high arctic 
muskrOxen. MeArCtiGeCire se 20% 58-65. 


eo 7 ee OpuLaraon characteristics of muskoxen in 
the Jones Sound region of the Northwest Territories. 
ThaWildie Manage mis): eel03=1065 


Fuller, W. A. 1960. Behaviour and social organization of 
the wild bison in Wood Buffalo National Park, Canada. 
Arctic. 13: 2-19. 


Geist, V. 1965. On the rutting behaviour of the mountain 
goat. J. Mammal. A524 551-565. 


"a 19662" The evolution oF horn-like organs. Behav. 
Dee ots 





. 197la. Mountain Sheep: a study in behaviour and 
evolution. U. of Chicago Press, Chicago. 383 pp. 










. [ af aul : I 
« 4 ‘ = ST A I @| ~~ «* 5 
* ri 
»c03-o8 
tm rica rl ety nroar A 
de . a‘ ~UANEL me ca s 4008 eG 
t (aumsoltems sonmse10) +80p © 
: ij Bi ae ru 52M : 
dp. 
: = 


‘ i 7 
¢ + ~ « 
f , 89784 
> 


AY 
- 
yi VT >: , 
ac t ait esrt 
. > e 24 i 





D aa . y jeF 4 o 
. ry ee ! A 
a i [O35 f « » . 1 . 7. Te 
> SS wo a a wa & } ¢ ‘ , » , ‘ “i 
5 is Oo Molt Wod aesnol six - 7 
: Hf-c oF ae eS re ® kes ns 7 
» . © nam e«LtDit ? . 
> 7 ; 
an 
ae 4 a 5 i. — ? a . 
FO MOLIGS£G4pi0 Inicore base ~zHoive das aor te cr 
shans2 ,aAxs4 [ — a er 2 “A oy telio®d 
«BDaNS ,Azet [sroite letting Rhanaw «A Sa : ; 
/ 7 4 M oleltivd booW ai noaid Bliw an? 
a ied 





‘hesnvom ait to apotveried ttjux of a 
ot . © avotvsried pntitjux efi 20: 22 er 


’ 
Ve 
_ - 





ce. Li .isamsM 
. 





J 





183 


Geist, V. 1971b. A behavioural approach to the management 
of Wild ungulates. In: Duffey, E. and A. S. Watt, 
Eds. The scientific management of animal and plant 


communities for conservation. Blackwell, London. 
413-424. 


Gilbert,. B.“K., and .J-. P. ,Hailman... 1966.25 Uncentainty of 
leadership-rank in fallow deer. Nature. 209: 1041- 
1042. 


Gray, D. R. 1969. Studies on the behaviour of the muskox 
(Ovibos moschatus) on Bathurst Island, N.W.T. ALCELE 
CLEC MN LOS see Oe) 1% 


. 1970a. Muskox studies, Bathurst Island, 1969. 
Typewritten Canadian Wildlife Service report, Ottawa 
(onpub lished) .se23 Sepp. 


. 1970b. The killing of a bull muskox by a single 
WOlsER GAG Ce 62 Sita Op etl, 


. 1971. Winter research on the muskox (Ovibos mos- 
chatus wardi) on Bathurst Island, 1970-71. ALCEUCHELIC:. 
2-44 158-163.. 





1972. Winter research on the muskox (Ovibos mos- 
chatus wardi) on Bathurst Island, 1970-71. Typewritten 
Canadian Wildlife Service Report, Ottawa (unpublished). 
(ASD 


HAteGZ 7 he Sophie ata nat 2094, The behaviour of domestic 
animals. Bailliere, Tindall and Cassell, London. 
647 pp. 


Hamel tiie ate. 1956. ve lntrared emissivities of some arctic 
faunatenteeManmale= 37: 375-378. 


Harington, C. R. 1961. History, distribution and ecology of 
the muskoxen. M.Sc. Thesis. McGill U. 489 pp. 


Henshaw, J 91968. athe activities of the wintering caribou 
in northwestern Alaska in relation to weather and snow 
conditions. Int. J. Biometeor. Lege l= 27s 


» "1970.»¥.consequences of stravel in the rutting of 
reindeer and caribou (Rangifer tarandus). Anim. Behav. 
LBs 250=25R8 


Dims 
OA 
of 


> pintsesniw sdt to aoit iv eee 
qedteew of noitsiss ; ae 





184 


Herrig, D. M. and A. O. Haugen. 1970. Bull bison behaviour 
Weare bn Proc! | TowaAcad. mcietiies:, 7245-262). 


Hinde, R. A. 1966. Animal behaviour. McGraw-Hill, New 
York. 534 pp. 


Hoare, W. H. B. 1930. Conserving Canada's muskoxen. Can. 
Deptt. 5 ebb. 


Hone, E. 1934. The present status of the muskox. Spec. 
Publ. Amer. Comm. Intern. Wildl. Protection No. De 


87 pp. 


Hubert, B. A. 1972. Productivity of muskoxen. In: Bliss, 
L. C. Ed. . Devon Island I.B.P. project. High arctic 
ecosystem. Project report 1970 and 1971. University 
Opes lbecua., ali an201. 


Jonkel, C. J. and D. R. Gray. n.d. Capturing and marking 
wild muskoxen. Typewritten Canadian Wildlife Service 
report, Ottawa (unpublished). 8 pp. 


. 1971.- Mammal research activities in the Arctic, 
TOT0-7 le Aroctic.cairc. 21; 16-19. 


Retsalieer. PF. L9DL. Musk-oxen of the Thelon. Typewritten 
Canadian Wildlife Service report, Ottawa (unpublished) . 


L3_Dp- 


Kramer, A. 1969. Soziale Organisation und Sozialverhalten 
einer Gemspopulation (Rupricapra rupricapra L.) der 
Alpen. 42. Tierpsychol. 26: 889-964. 


Tent ere. CC. 1969.00 2 preliminary study of the Okavango lechwe 
(Kobus leche leche). East African Wildl. J. Aug. 
147-157. 


e970. “Muskox maternal behavior, a preliminary 
description. Bull. Ecol. Soc. Amer. 51: 40 (Abstr.). 


. 1971. Muskox management controversies in North 
America. Biol. Conservation. 3: 255-263. 


and D. Knutson. 1971. Muskox and snow cover on 
Nunivak Island, Alaska. In: Haugen, A. O. ed. Pro- 
ceedings of the snow and ice in relation to wilife 
and recreation symposium. Iowa State University, 
Ames. 280 pp. 







v 
ay ? o [ Lig + * 0 « A bas * M * fa he 
$ ak i SWol 9079 stisid 
¢ . ra ~~ t r ae Mi 
‘ f smink .3d@! A HA ,obalk — 4 
‘ - . A 2 
‘Gq b€& .AYOY = * 
: f [ ‘oH 
= 4 J I Py ys, Q . g . H * W s SIS80H 
‘Gq tc .#nI Jtgqed 
: 29%q onT AECL .3 .enoH 
: -zr9om dug 
.aqa V8 
: : es A A a 4 edu 
! ai : al @ e om ‘ ef 
SiocdSsy P j Matseyeoos 
VBC =fV5 -57%9dcfA To 
- Yio .1 .7 Bap .t .3 4texnot 
sibs i v xotewm bliw ~ 
t kicg ~— Oe E rir } 7£ 3 4 2 aud forcast 
791 
~ , L Si A t ej + 
a . J A i ¥ 4 aa \ orer ~~ 
, 2 pre H "a r 4 me 
3 r% Teac Shir ey il Me ibenai ae 
7 qq Ef 
astisrixovisiso2 f O sisisce eae; A ,%9 
teb Sxgsoi avn) nofrtslegogemsd rents 
vo v a owt ele Yee 230% *2 AsclilaA 
f f * 7 ‘7+ = ~~ 4 ; ie 
eawios f opn : ms 10 vYhude yisiime t iq A fae . Hi -t.2 
SUA .UL .LBLIW nenixték Sess 


(19ivedsd, Lsttredem xoueuh — 
. 1SarA * 908 






:tadoos amet He. ie 
a a 
- 











{ LG on Psy 
_ ray - 





Ale) 


Leyhausen, P. -lg7l. Dominance and territoriality as comple- 
mented in mammalian social structure, pp. 22-23. In: 
A. H. Esser, Ed., Behavior and environment: the use 


of space by animals and men. Plenum Press, New NiO Tite, 
411i pp. 


MacDonald, S. D. 1954. Report on biological investigations 
at Mould Bay, Prince Patrick Is., N.W.T., in 1:9 S20 
Ann. akep palat. Mus, Can.» nhI5255p peeUd lat) 32. 214- 
38. 


. 1969. Preliminary report on a zoological expedi- 
tion to Bathurst Island, May 18 to August 12. Arctic 
Ghliate SKY ON ya Ue 


Macpherson, A. H. 1961. On the abundance and distribution of 
certain mammals in the Western Canadian Arctic Islands 
GimilO5e—59.. Arctic Circ, ~ 147. 51-17. 


MeHuqn,  T2 foDo. cOClad behaviour in the American buffalo 
(Bison bison). Zoologica. 43: 1-40. 


Mech, el. DD. 1970... The Wolf. Natural History Press, New 
York. wd pp. 


Meteorological Branch, Department of Transport. 1964 to 1971. 
Arctic summary; a semi-annual summary of meteorological 
data from the joint arctic and other weather stations 
on the Arctic Islands. Queen's Printer, Ottawa. 


Nalbandov, A. V. 1964. Reproductive physiology. W. H. 
Freeman, San Francisco. 316 pp. 


Oeming east 1065. Agherd of musk-oxen, Ovibos moschatus, in 
CapteLvity. . ING. 200 VearpOoky =) e950 Go. 


Pedersen, A. 1936. Der groénlandische Moschusochse. Meddel. 
om*Grgn land. $93" — le2. 


. 1958. Der Moschusochs (0. m. Zimmermann). A. 
Ziemsen Verlag, Wittenberg. Sago 


Pocock, iva ly 1910. On) the specialized cutaneous scent 
glands of ruminants. Proc. Zool. Soc. London. 840-986. 


Pruitt, W. O. 1959. Snow as a factor in the winter ecology of 
the barren ground caribou. jMeteherholg aI ARSy ben EP ACTS 












: 1 

; 5 ag os 
oT ; 7 UW 

7 : a \ - a 

i. fled 1s 

mom rrer iSevenyed | 

< o6ilsemqem oi botmam  # 

1 res rlesel 7! Ba .xSees i A 7 a 


‘6 @lemins yd sosge to ., ..” 
2 '. > es 


no 4 | .,b@@f .d .2 \Bbisnodosm 
er: : oM 35 - 
«fits 

; ; .8€ 


ane 
X 
oi stort ° 
—— 
= par 
- & Lo A J 
r : FP 
2 : : o iil 







AP | = oo A r 
: 5 moxt s3sb 
ie : 7 4 ~~ A / nr 
) LY 4 PJ PF it ITO : 
Zu 7 
7 
. we 
aa y ~ , e “> e 7) , LoOf Vv Pet Vr 5 = if "ag 
! A . »A., VO mscaisu 
: 7 : > 2S : Bi s91T a 


i 

: : ~ 
AL ,2UI6 i7eo! i rw £098xoO-ARLM 7 “act 2 Aor a ee - 
oli DS ah cl Andee, tod & cael -A .paime 


‘ moO er a i > f ‘ Ji i . vi i¥v itas> : 7 
os 








= . } be ‘| BF OM “ “ that lac t ~~ oe fi ; - 
_ «tebbon — As20M anoribagbindxp +x: DECI .A qn 


wi SBN <8 ‘Dawkins mo 






.82nu0 


09 
t 


Yr 





186 


Ralls, K. 1971. Mammalian scent marking. Science. 171: 
443-449, 


Sadleixr, R. M. F. S. 1969. The ecology of reproduction in 
wild and domestic mammals. Methuen, London. 321 pp. 


SackeWeOe and J. H. Ballantyne. 1965. Anatomical obser- 
vations on a musk-ox calf (Ovibos moschatus) with par- 
ticular reference to thoracic and abdominal topography. 
GanveoeeZool. 4077 LO S3-1097. 


Samuel, W. N. and D. R. Gray. (in prep). Parasitic infection 
in muskox. 


Schaffer, W. H. 1968. Intraspecific combat and the evolution 
of the caprini. Evolution. 22: 817-825. 


Schaller, G. B. (in press). Observations on Himalayan thar 
(Hemitragus jemalhicus). J. Bombay Nat. Hails t2e SOc. 


Scott, J. P. 1958. Animal Behavior. U. of Chicago Press, 
Chacago & ©935.19'pp- 


Seton, E. T. 1927. Lives of game animale.ol Wole3 “(Doublie= 
day, New York), pp. 595-637. 


Simpson, GG. 1945.” The principles of classification and 
a classification of mammals. Amer. Mus. Nat. Hist. 
Bullso85. 350° pp. 


Spencer, D. L. and C. L. Lensink. 1970. The muskox of Nunivak 
Island, Alaska. J. Wildl. Manag. 342-9 115. 


Stefansson, V. 1924. The northward course of empire. 
Harcourt, New York. 274 pp. 


Stewart, J. and J. P. Scott. 1947.. Lack of correlation be- 
tween jeadership and dominance relationships in a herd 
of goats. J. Comp. Physiol. Psychol. 40: 255-264. 


Stonehouse, B. 1971. Animals of the arctic, the ecology of 
the far north. Holt, Rinehart and Winston, New York, 
Li? 2. pe 


Struhsaker, T. T. 1967. Behavior of elk during the rut. 42. 
Tierpsychol. 24: 80-114. 






132 | ammeM IVQL “slay bd 
h=—e 4 ay 


m .u.W ,Leums2 


, W .ustisdos 


- 


sSitqms 36 SeivEe> Baswidten sd sel .V ,nosansis 
~ + 7 P a 4 s 7 : 
Ci Fy ¢ AIO y Wow ‘ JtvoOorsH : 









- MOLI5ietio 26 Aoed VRE .fd002 1.2 2b bas ha 
& at » scamenrhieeae 5 cade sonsnimob bis qidex e casie OW: 
hg as . “on > OF a -fodoyes Maui ait oe 


* 









_ 
bY 
a 


- 








i 


& 






“ 





187 


Tarasov, P. P. 1960. O biologicheskam znachenii paktuchikh 
zhelez u meikopitayushchikh. (Eng. Summ.) Zool. Zh. 
49: 1062-1068. 


Teal, ot ‘Tn, 221959. Muskox in rut. Polar Notes. *1: 65- 


Tener, J. S. 1958. The distribution of muskoxen in Canada. 
J. Mammal. 39: 398-408. 


. 1960. A study of the muskox (Ovibos moschatus) in 
relation to its environment. Ph.D. thesis. University 
of, Brisgish <Columbia. 258 pp. | 


. 1963. Queen Elizabeth Islands Game Survey, 1961. 
Can. Wildl. Serv. Occ. Papers No. 4. 50 pp. 


. 1965. Muskoxen in Canada, a biological and taxo- 
nomic review. Queen's Printer, Ottawa. 166 pp. 


Thompson, H. A. 1967. The Climate of the Canadian Arctic. 
Queen's Printer, Ottawa. 32 pp. 


Thompson y.. 971. A comparison of meteorological observa- 
tions from May 1970 through April 1971; National Museum 
Bathurst Island Station and Resolute Airport. Unpub- 
lished manuscript. Atmospheric Environmental Service. 


335 pp. 


Vibe, C. 1958. The muskox in East Greenland. Mammalia. 
22: 168-174. 


. 1967. Arctic animals in relation to climatic fluc- 
tuations. Meddel. om Grgnland. 170: l=22)705 


Waltace, H. F. 1913.) fhe big game of central and western 
China. Duffield and Co., New York. sialey qeye)- 


Walther, F. 1958. Zum Kampf-und Paarungsverhalten einiger 
Antilopen. Z. Tierpsychol. 15: 340-380. 


. 1969. Flight behaviour and avoidance of predators 
in Thomson's gazelle (Gazella thomsoni Gunther). 
Behaviour. 34: 184-221. 












- ~ ; & r 
f Ou C -Oae!l 2.2 
4 , 
t lzuyesdigqodiem u- seles 
s890L-Sd0L : 
: MM - j rT T, F 
4. ad’ Ton * 4 »& »¥v inet 
“iv 
Satis 7-7 PF, ia > 7 r < : 
Judr4 -8ee! 2 .U ,iteneT 
} a\ - pF ; J son eM a Vv 
. 
, 
c : ae; oe 
tRomno1ziva ot soitsis1 
; ) deitixad to 
: ff «nag ] : uy 2 e my ; [ ° 
‘ oO a 
j 4 v7: vd BL IW - M89 
: . 
1 
PR AzUs ei ‘ 
: —— 
J } $ ry In Mt = 
‘ . ~ oO . - 
ky 1oagqmodT 
. ’ 2 ‘ | r 1898uQ 
ta rent T — 7 rr 
KO i ; als « 1waqmonT 
; ‘J enoiz 
fetunitsa 
= ; OM Sqittnevasm bederl 
_* cc 
aq a 
: 23 
«Ef ‘ : y ry o-munor wes 
= a ’ | 1 = % aan ,odiVv 
a ce “ 
- ri? Ps a : 
a 23 mi Lo oJ toi Belemias sito -Voel , 
8S-f +0) bisintexd mm Meee) 
PISANI MO .~Labb »BnoOLtI6uUg 
has 








ateseow bas pessien to om6p pid sif .€f@L .9 «H ,s sl 
ore dua tcenl ’ £. 32 ; i 
*. Gq ee “a 202 wal 4 ~OoD ons bleLriicd - said ONT 











= A 


188 


Walther, F. (in press). Some reflections on expressive be- 
haviour in combats and courtship of certain horned 
ungulates. Proceedings of the conference on the be- 
haviour and management of ungulates. University of 
Calgary, 1971. 


Watson, A. and R. Moss. 1970. Dominance, spacing behaviour 
and aggression in relation to population limitation in 
vertebrates. In: Watson, A., Ed. Animal populations 
in relation to their food resources. Blackwell, Ox- 
ford. 478 pp. 


Weltonwh. We 1923. The Mishmi takin. J. Bombay Nat. Hist. 
Soc. 29: 830-831. 


Wilkinson, P. F. 1971. The domestication of the muskox. 
Polar Rec. 15: 683-690. 


. 1972. Oomingmak: a model for man-animal relation- 
Ships in prehistory. Current Anthropology. 13: 23-44. 


Wynne-Edwards, V. C. 1962. Animal dispersion in relation to 
Social Behaviour. Oliver and Boyd, London. 653 pp. 






















SSL 


“ed evieeszque no enoksceriee Smee tel ant) “> 9 
fomiod wiejites to qidejavas) bas é int’ oh chad ay 
3d ait WO S20 fa t8 ti05 sit 70 EDI ; eth on “4 
io yilereviclU § .asdelupal Yo trsitepensm bas xvolved ; 
Vel .yispleod Spee i 


wotveded priosade .,aonsenimeod Orel :-BR0M .1 bas .A .nostew | 

mf nOlssstintl solsesingos of norsslex ed nokeestpps bas oat : 
enofssivnqog [smivgA (68 ,.A \1o236W mk .sotexrdetiz)Sey 
“x0 ,{iiswiosl@ .ssotvosss boot riadd o¢ gotsaiax ai 
9a 8{8 .b1ro0® 


Tiss imiait ead? ,€50f Jeo ow , aifew 
-LeB-058 +08 .502 


SUM Shs 10 nottsottBemoeb sd? OPEL 129 ce ,noearaLliw 
-OU6-£93 -:82 sen zelog 


-notisiIsr Ismtas-ry (1 13200 s s:AsiHipakeeo .$Ter 
,bha~—F 5 He an | ‘{POLCQOTMIAA J 


THSTIUD «6. yrovaiderg at eqide 


Lt Z EISqelLyp Camina Sd e J. « > . V ‘ ebr1swbS-ennyW 
qq tte .nobsrold ,byom Bra w¥1iO| -wwo0lveries [sic08 





189 


APPENDIX I 


Flow diagrams of herds in the study area showing 
joining, mixing and splitting of the herds. 
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APPENDIX II The size and sex ratio of the major herds 
studied, with dates of observations and 
list of known or tagged individuals. 


Herd Time Period of Sex-Ratio Known 
Year Label* Observations Bull:Cow Individuals 





1968 68-A-11 25 May - 11 June 


- 7 11 June - 29 June bis 2 CE EB LB, tL, e, 
WC) IC. 
68—-B- 5 T2G0ULy wey dy 4:1 
tS SUC eke wee AIG « 
68-C=-) 4 22AUGs 17> 13" Aug: 4:0 
1969 69-A- 4 29 Apr. —- 17 June cris NB VB, Zee Cs 
=-15 17 June - 18 June 6:9 LB, 1B, 28B,;C, YB; 
HB,AB. 
= 3 18 June - 1 July a0 LB, 1B ,2B; 
= 74 C2 JULVe-w Lo ouLy Jigeae LB, Ci. 
- 4 6 July = b2 July 4:0 LB, Zope yao. 
62-—b=a9 29- Apres -, -2r June Sk 
69-—D-10 30 July - 19 Aug. 0:10 C#69-10,GC. 
1970 70-M-14 12) sDL,) eee June Te. 
70-B- 7 27 Aug. - 29 Aug. 4:3 


70-D- 5 22 Aug. - 29 Aug. 


70-E-12 Oe Sept. 2 5e0Ce, 4:8 
- 8 23 Oct. - 1l Nov. 
- 5 14 Nov. - 18 Nov. 


70-F-10 6 Sept. - 5 Oct. 
-31 7 2OCt ne LRNOV. 
1971 o/i-A—- | 6 3.Septey 250) cept. LS 
-14 30 Sept. - 26 Oct. 8:6 
tl=C-18 5 Sept.) 20, ~epu. 
-20 28 Septs. a) 5 10Cct. 6:14 BH71-4. 


* see Appendix I. 
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APPENDIX III Seasonal distribution of muskoxen in the study 
area. 
Party! February - April 
Parte May - June 
Part 75 July = jAugust 
Part 4 September - November 
Data The feeding areas used by herds 


69-A-4, 70-E and 70-F. 


Feeding areas used in one of the 
four years only, 


Feeding areas used in two of the 
four years, 


Feeding areas used in three or four 
years. 
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APPENDIX IV Herd size frequencies in the study area for 
each month of the study. 
Part 1 February - May 
Part 2 June - August 


Part 3 September - November 


206 


iso. | 6961 8 


OZ6l | 896l H AI» 


ve 


12-8961 
AVN 


LZ6L 
AYuVnNnudsad 


4ZIS GY3H 








t wed ‘Al XIGNI3ddv 


SGY3H 4O Y3sdINNN 


t 
(4 
€ 
v 


YRAURGAX 
rver ~ 


Yaw 


Ft -8607 
a 
OVer BOF | 
LJ 


vin 





: Si 2 OF cig 





- — 
i= 


_Parne 2 


132'32'4 


30 


JUNE 
1968-71 


. Sen 


28 


26 


24 


16 


¢ 

s 

Ee € 
LA Py BS 
A ES te ie. 


P 
# 
¢ 
P 
ellge 
alles 


is 


Pi 
2 
r é 


| a 


a 
6 


3 
2 
1 


20 22 


18 


14 


12 


10 


te) 


207 

















+ 
Ty) 
iy) 
N 
i) 
;o 
b ped = f= yg 
7 on 
anil 
~ 6 rG} @ @ 
_ © © “ 
— a = r ¢ E> 
© .) 
r : 
re 
<¢ 
hy “ 
i 
Te (+ | 
(>| i>) 
li 
eee 
© my O 
a LINAS) eg 
i 
fe) 
L NR OR A 
ERY) = ray = 
i 
| : CO oe te | 
x 3 r) 
a) Now 
a oe 
- = a 
CS : 
wes 
Lia = 
at 
i & 
cc = 
Bee We, 
Hes cel CSR 
Ree | 
z Ee ES eau | 
ea REVERE Te Fa EP see mee x 86 
Van ; B 2 
ere wt eh Wh on = ¢ 
ea — 
ex Wh Gs Wh oh on en eS oireary a | SOR! ROMO We MEN aN 
ere Th | oe Ur Wk en a (| 
oe i 
ween eennntienn O° etnAcentetoma - © 


SQu3aH 4O Y3aEIWNN 






HERD SIZE 


APPENDIX IV, part 2 





208 








0261 
YSEWIAON 


LZ-OZ61L 
¥380190 


iZ-OZ61L 
y3aGWald3as 


3ZIS GUSH 


sl 9t vi 


iz. ff ozer[] aan 


Zl 


ot 


e wed “Al XIGN3dd¥ 





SGu3H 4O YASWNN 


a 


ont ites Seek ee ee tees 


7 


a 


i 


<@& 





“ »  » 


~ One oe oe os 
~ =. 2a ae 
7 a ke SS Ee E 


+ 
’ oe 


€ 









209 


APPENDIX V List of subadult bulls seen in the study 
area, May 1968 to May 1971. 


Estimated Herd Size 
Year Month Age (Years) (or label) Remarks 
ee en nee ee 
1968 May 3-4 68-A- 7 bul less 1YBe 
June 5 5 
3 5 (same herd) 
July 4 6 
August 3.- 4 3 
1969 May A v= 5 69-B- 9 
June 4 6 
5 6 (same herd) 
4 G9 -C— 5 bull = "AB" 
3 69-A- 9 bull’ =_"HBy 
4 i as bulLli=sye. 
August 4 6 
1970 April 4 70-A-14 
e nom 
May 4 8 
September Ae) 70-E-15 
Sy rae) es 
eS) 70-F-10 
4 mid ha naa 
1971 May 40= "5 14 
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APPENDIX VI List of single sex herds seen in the study 
area, May 1968 to October 1971. 


Year Month Herd Sizes 
Bull herds 
1968 May 2 
July 4 
August 4 
1969 May 2 
June Bed 
July 242 ,AzidipD 
August 2.,2,3,4,4, 
6,7 
1970 May Swarr: 
August 2 2 oa 
September Bad 
orl September 8 
October 5 


Cow herds 


1969 July sie 
August 5,10 
1970 August : 


ee ee 
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APPENDIX VII. Notes on the Takin (Budorcas) 


There is little information available on the biology 
of the takin (Budorcas sp.). Native to the mountainous re- 
gions of southern China and Bhutan, takins “live in*herds 
which move between high and lower elevations according to 
the season. Herds are larger in summer than in winter 
reaching a maximum of 100 individuals (Wallace, 1913). Herds 
are led by old males which have the largest horns. Following 
the rutting season in late July and early August, cows and 
young bulls live together in mixed herds. Old bulls are 
often solitary (Allen, 1940). Calves are born in March or 
April and follow the mother within three days of birth. 
Takins carry the head low and walk with a slow, lumbering 
gait (Wallace, 1913). However, like the muskox,, they are 
extremely agile and can move very quickly when necessary. 
Herds are relatively local in habits and wander little from 
certain areas (Wallace, 1913). Takin bulls are larger than 
the cows and have a reddish tinge around the neck. The pelage 
colour differs in the subspecies with either a dark dorsal 
stripe Or a buff saddle present on the back (Estes, 19595 
Wallace, 1913). No pedal or preorbital glands are present 
(Alien, 1940). the horn bases are similar to those of the 
muskox but are less massive. They curve up, out and back 


rather than down, out and up as in the muskox. The orbits 
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protrude out beyond the horns. (Allen, 1940) and there is a 


slight hump at the shoulder (Estes, 1959). 


Although little is known of Takin behaviour in the 

~ wild, some behavioural notes are available. Butting between 
bulls is reported by Wallace (1913) and Estes (1959) des- 
cribed a threat display performed by a captive calf towards 
two Bos calves. The head was held out, low and rigid with 

the neck horizontal while the animal advanced. The calf made 
hooking motions with its hornless head and butted briefly 
with the other calves. Horning of trees was reported to be 
extensive in certain areas frequented by takin (Cooper, 1923). 
Schaller (in press) described a broadside display seen common- 


ly in the takin at the Bronx Zoo. 
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